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METHODS AND APPARATUSES FOR DETERMINING DMRS PORT MODE

TECHNICAL FIELD

[0001] Embodiments of the present disclosure are related to wireless communication
technology, and more particularly, related to methods and apparatuses for determining

a demodulation reference signal (DMRS or DM-RS) port mode.

BACKGROUND

[0002] Wireless communication systems are widely deployed to provide various
telecommunication services, such as telephony, video, data, messaging, broadcasts,
and so on. Wireless communication systems may employ multiple access
technologies capable of supporting communication with multiple users by sharing
available system resources (e.g., time, frequency, and power). Examples of wireless
communication systems may include fourth generation (4G) systems, such as long
term evolution (LTE) systems, LTE-advanced (LTE-A) systems, or LTE-A Pro
systems, and fifth generation (5G) systems which may also be referred to as new radio

(NR) systems.

[0003] In a wireless communication system, DMRS ports may be used for
transmitting DMRS for physical uplink shared channel (PUSCH) and physical
downlink shared channel (PDSCH). With the development of the communication
technology, the number of orthogonal DMRS ports may be increased via various

methods. Therefore, new designs for determining a DMRS port mode are needed.

SUMMARY

[0004] According to some embodiments of the present disclosure, a user equipment
(UE) may include: a receiver configured to: receive at least one DMRS configuration
associated with a first mode of DMRS ports and a second mode of DMRS ports;

receive an indication indicating a DMRS port mode of DMRS port(s) for at least one
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of a PDSCH transmission or a PUSCH transmission in an active bandwidth part
(BWP), wherein the DMRS port mode is the first mode or the second mode; a

processor coupled to the receiver; and a transmitter coupled to the processor.

[0005] In some embodiments of the present application, the indication is a DMRS
port mode field in a non-fallback downlink control information (DCI) format for
scheduling or activating the PDSCH transmission or the PUSCH transmission, and
the processor is configured to: determine an antenna port table based on the DMRS
port mode and a DMRS configuration of the at least one DMRS configuration for the
PDSCH transmission or the PUSCH transmission, wherein the DMRS configuration
is associated with the DMRS port mode of DMRS port(s) indicated by the indication;
and determine DMRS port(s) for the PDSCH transmission or the PUSCH
transmission based on the antenna port table and an antenna port field included in the

non-fallback DCI format.

[0006] In some embodiments of the present application, the first mode of DMRS
ports and the second mode of DMRS ports are associated with different antenna port

tables or share the same antenna port tables.

[0007] In some embodiments of the present application, a bit width of the antenna
port field included in the non-fallback DCI format is a maximum bit width of a bit
width required to indicate antenna port(s) for the first mode of DMRS ports and a bit

width required to indicate antenna port(s) for the second mode of DMRS port.

[0008] In some embodiments of the present application, the indication is a DMRS
port mode field in a configured grant (CG) configuration for the PUSCH transmission

in the case that the PUSCH transmission is a type 1 CG PUSCH transmission.

[0009] In some embodiments of the present application, the indication is an antenna
port field in a non-fallback DCI format for scheduling or activating the PDSCH
transmission or the PUSCH transmission, and the antenna port field indicates an index
of an entry, which indicates the DMRS port(s) and the DMRS port mode, of an
antenna port table shared by the first mode of DMRS ports and the second mode of
DMRS ports.
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[0010] In some embodiments of the present application, the antenna port table
includes a first set of entries associated with the first mode of DMRS ports and a
second set of entries associated with the second mode of DMRS ports, and the
processor is further configured to: determine the DMRS port mode of the DMRS
port(s) based on the index of the entry indicated by the antenna port field.

[0011] In some embodiments of the present application, the processor is further
configured to perform at least one of: determining the DMRS port mode of the DMRS
port(s) based on the number of DMRS code division multiplexing (CDM) groups
without data indicated by the entry; determining the DMRS port mode of the DMRS
port(s) based on a length of frequency-domain orthogonal cover code (FD-OCC)
indicated by the entry; or determining the DMRS port mode of the DMRS port(s)
based on the number of DMRS ports within a CDM group indicated by the entry.

[0012] In some embodiments of the present application, the processor is further
configured to: in the case that the number of DMRS CDM groups without data is not
larger than 2 for DMRS type 1 or not larger than 3 for DMRS type 2, determine that
the DMRS port mode of the DMRS port(s) is the first mode; and in the case that the
number of DMRS CDM groups without data is larger than 2 for DMRS type 1 or
larger than 3 for DMRS type 2, determine that the DMRS port mode of the DMRS

port(s) is the second mode.

[0013] In some embodiments of the present application, the processor is further
configured to: in the case that the length of FD-OCC is 2, determine that the DMRS
port mode of the DMRS port(s) is the first mode; and in the case that the number of
DMRS CDM group is larger than 2, determine that the DMRS port mode of the
DMRS port(s) is the second mode.

[0014] In some embodiments of the present application, the processor is further
configured to: in the case that the number of DMRS ports within a CDM group is 2
for single-symbol DMRS or 4 for double-symbol DMRS, determine that the DMRS
port mode of the DMRS port(s) is the first mode; and in the case that the number of
DMRS ports within a CDM group is 4 for single-symbol DMRS or is 8 for
double-symbol DMRS, determine that the DMRS port mode of the DMRS port(s) is

the second mode.
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[0015] In some embodiments of the present application, the DMRS port mode is the
first mode for the PDSCH transmission or the PUSCH transmission scheduled by a
fallback DCI format.

[0016] In some embodiments of the present application, the indication is a DMRS
port mode field in a non-fallback DCI format scheduling or activating the PDSCH
transmission or the PUSCH transmission, and the processor is configured to: apply
the DMRS port mode to all the PDSCH transmissions or all the PUSCH transmissions

in the active BWP after an application time of the indication.

[0017] In some embodiments of the present application, for the non-fallback DCI
format scheduling the PDSCH transmission, the application time is a number of time
units after the last symbol of a physical uplink control channel (PUCCH) carrying
hybrid automatic repeat request (HARQ)-acknowledgement (ACK) information for
the PDSCH transmission; or for the non-fallback DCI format scheduling the PUSCH
transmission, the application time is a number of time units after the last symbol of
another DCI format scheduling another PUSCH transmission with a same HARQ

process number and having a toggled new data indicator (NDI) field value.

[0018] In some embodiments of the present application, the DMRS port mode field
is a 1-bit field, and wherein a first value of the 1-bit field indicates that the DMRS
port mode is the first mode and a second value of the 1-bit field indicates that the

DMRS port mode is the second mode.

[0019] In some embodiments of the present application, the indication is indicated
by a group common DCI format scrambled with a radio network temporary identity

(RNTI) specific for DMRS port mode indication.

[0020] In some embodiments of the present application, the group common DCI
format includes one or more indications, wherein each indication of the one or more
indications is for a corresponding UE, and the receiver is further configured to receive
configuration information indicating the RNTI and configuration information
indicating a payload size of the group common DCI format and a start position of the

indication for the UE within the group common DCI format.
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[0021] In some embodiments of the present application, the indication includes a
first indication indicating a DMRS port mode for a PDSCH transmission and a second
indication indicating a DMRS port mode for a PUSCH transmission, and the
processor is further configured to: apply the DMRS port mode for a PDSCH
transmission to all the PDSCH transmissions in the active BWP after receiving the
first indication; and apply the DMRS port mode for a PUSCH transmission to all the

PUSCH transmissions in the active BWP after receiving the second indication.

[0022] In some embodiments of the present application, the indication indicates a
DMRS port mode for both a PDSCH transmission and a PUSCH transmission, and
the processor is further configured to: apply the DMRS port mode to all the PDSCH
transmissions and all the PUSCH transmissions in the active BWP after receiving the

indication.

[0023] In some embodiments of the present application, the RNTI specific for
DMRS port mode indication is a downlink-RNTI (DL-RNTTI) specific for DMRS port
mode indication for a PDSCH transmission, and the processor is further configured to:
apply the DMRS port mode indicated by the indication to all the PDSCH
transmissions in the active BWP after receiving the indication; or the RNTI specific
for DMRS port mode indication is an uplink-RNTI (UL-RNTI) specific for DMRS
port mode indication for a PUSCH transmission, and the processor is further
configured to: apply the DMRS port mode indicated by the indication to all the

PUSCH transmissions in the active BWP after receiving the indication.

[0024] In some embodiments of the present application, the indication is a DMRS
port mode field in a medium access control (MAC) control element (CE), and the
processor is further configured to: apply the DMRS port mode to all the PDSCH
transmissions, all the PUSCH transmission, or all the PDSCH transmissions and all

the PUSCH transmission in the active BWP after an application time of the MAC CE.

[0025] In some embodiments of the present application, the indication is indicated
by a radio resource control (RRC) signalling for a PDSCH transmission or for a
PUSCH transmission, and the processor is further configured to: apply the DMRS
port mode for all the PDSCH transmissions or all the PUSCH transmission in the

active BWP after receiving the RRC signalling.

5
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[0026] In some embodiments of the present application, all the PDSCH
transmissions include at least one of dynamic scheduled PDSCH transmission(s) or
semi-persistent scheduling (SPS) PDSCH transmission(s) in the active BWP; or all
the PUSCH transmissions include at least one of dynamic scheduled PUSCH
transmission(s) or CG PUSCH transmission(s) in the active BWP.

[0027] According to some other embodiments of the present application, a base
station (BS), comprising: a transmitter configured to: transmit at least one DMRS
configuration associated with a first mode of DMRS ports and a second mode of
DMRS ports; transmit an indication indicating a DMRS port mode of DMRS port(s)
for at least one of a PDSCH or a PUSCH transmission in an active BWP, wherein the
DMRS port mode is the first mode or the second mode; a processor coupled to the

transmitter; and a receiver coupled to the processor.

[0028] In some embodiments of the present application, the indication is a DMRS
port mode field in a non-fallback DCI format for scheduling or activating the PDSCH
transmission or the PUSCH transmission, and the processor is configured to:
determine an antenna port table based on the DMRS port mode and a DMRS
configuration of the at least one DMRS configuration for the PDSCH transmission or
the PUSCH transmission, wherein the DMRS configuration is associated with the
DMRS port mode of DMRS port(s) indicated by the indication; and determine DMRS
port(s) for the PDSCH transmission or the PUSCH transmission based on the antenna

port table and an antenna port field included in the non-fallback DCI format.

[0029] In some embodiments of the present application, the first mode of DMRS
ports and the second mode of DMRS ports are associated with different antenna port

tables or share the same antenna port tables.

[0030] In some embodiments of the present application, a bit width of the antenna
port field included in the non-fallback DCI format is a maximum bit width of a bit
width required to indicate antenna port(s) for the first mode of DMRS ports and a bit
width required to indicate antenna port(s) for the second mode of DMRS port.

[0031] In some embodiments of the present application, the indication is a DMRS

port mode field in a CG configuration for the PUSCH transmission in the case that the

6
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PUSCH transmission is a type 1 CG PUSCH transmission.

[0032] In some embodiments of the present application, the indication is an antenna
port field in a non-fallback DCI format for scheduling or activating the PDSCH
transmission or the PUSCH transmission, and the antenna port field indicates an index
of an entry, which indicates the DMRS port(s) and the DMRS port mode, of an
antenna port table shared by the first mode of DMRS ports and the second mode of
DMRS ports.

[0033] In some embodiments of the present application, the antenna port table
includes a first set of entries associated with the first mode of DMRS ports and a
second set of entries associated with the second mode of DMRS ports, and the
processor is further configured to: determine the DMRS port mode based on the index

of the entry indicated by the antenna port field.

[0034] In some embodiments of the present application, the processor is further
configured to perform at least one of: determining the DMRS port mode of the DMRS
port(s) based on the number of DMRS CDM groups without data indicated by the
entry; determining the DMRS port mode of the DMRS port(s) based on a length of
FD-OCC indicated by the entry; or determining the DMRS port mode of the DMRS
port(s) based on the number of DMRS ports within a CDM group indicated by the

entry.

[0035] In some embodiments of the present application, the processor is further
configured to: in the case that the number of DMRS CDM groups without data is not
larger than 2 for DMRS type 1 or not larger than 3 for DMRS type 2, determine that
the DMRS port mode of the DMRS port(s) is the first mode; and in the case that the
number of DMRS CDM groups is larger than 2 for DMRS type 1 or larger than 3 for
DMRS type 2, determine that the DMRS port mode of the DMRS port(s) is the

second mode.

[0036] In some embodiments of the present application, the processor is further
configured to: in the case that the length of FD-OCC is 2, determine that the DMRS
port mode of the DMRS port(s) is the first mode; and in the case that the number of
DMRS CDM group is larger than 2, determine that the DMRS port mode of the

7
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DMRS port(s) is the second mode.

[0037] In some embodiments of the present application, the processor is further
configured to: in the case that the number of DMRS ports within a CDM group is 2
for single-symbol DMRS or 4 for double-symbol DMRS, determine that the DMRS
port mode of the DMRS port(s) is the first mode; and in the case that the number of
DMRS ports within a CDM group is 4 for single-symbol DMRS or is 8 for
double-symbol DMRS; determine that the DMRS port mode of the DMRS port(s) is

the second mode.

[0038] In some embodiments of the present application, the DMRS port mode is the
first mode for the PDSCH transmission or the PUSCH transmission scheduled by a
fallback DCI format.

[0039] In some embodiments of the present application, the indication is a DMRS
port mode field in a non-fallback DCI format scheduling or activating the PDSCH
transmission or the PUSCH transmission, and the processor is configured to: apply
the DMRS port mode to all the PDSCH transmissions or all the PUSCH transmissions

in the active BWP after an application time of the indication.

[0040] In some embodiments of the present application, for the non-fallback DCI
format scheduling or activating the PDSCH transmission, the application time is a
number of time units after the last symbol of a physical uplink control channel
(PUCCH) carrying HARQ-ACK information for the PDSCH transmission; or for the
non-fallback DCI format scheduling the PUSCH transmission, the application time is
a number of time units after the last symbol of another DCI format scheduling
another PUSCH transmission with a same HARQ process number and having a

toggled NDI field value.

[0041] In some embodiments of the present application, the DMRS port mode field
is a 1-bit field, and wherein a first value of the 1-bit field indicates that the DMRS
port mode is the first mode and a second value of the 1-bit field indicates that the

DMRS port mode is the second mode.

[0042] In some embodiments of the present application, the indication is indicated
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by a group common DCI format scrambled with an RNTI specific for DMRS port

mode indication.

[0043] In some embodiments of the present application, the group common DCI
format includes one or more indications, wherein each indication of the one or more
indications is for a corresponding UE, and the transmitter is further configured to
transmit configuration information indicating the RNTI and configuration information
indicating a payload size of the group common DCI format and a start position of the

indication for the UE within the group common DCI format.

[0044] In some embodiments of the present application, the indication includes a
first indication indicating a DMRS port mode for a PDSCH transmission and a second
indication indicating a DMRS port mode for a PUSCH transmission, and the
processor is further configured to: apply the DMRS port mode for a PDSCH
transmission to all the PDSCH transmissions in the active BWP after transmitting the
first indication; and apply the DMRS port mode for a PUSCH transmission to all the

PUSCH transmissions in the active BWP after transmitting the second indication.

[0045] In some embodiments of the present application, the indication indicates a
DMRS port mode for both a PDSCH transmission and a PUSCH transmission, and
the processor is further configured to: apply the DMRS port mode to all the PDSCH
transmissions and all the PUSCH transmissions in the active BWP after transmitting

the indication.

[0046] In some embodiments of the present application, the RNTI specific for
DMRS port mode indication is a DL-RNTTI specific for DMRS port mode indication
for a PDSCH transmission, and the processor is further configured to: apply the
DMRS port mode indicated by the indication to all the PDSCH transmissions in the
active BWP after transmitting the indication; or the RNTI specific for DMRS port
mode indication is a UL-RNTI specific for DMRS port mode indication for a PUSCH
transmission, and the processor is further configured to: apply the DMRS port mode
indicated by the indication to all the PUSCH transmissions in the active BWP after

transmitting the indication.

[0047] In some embodiments of the present application, the indication is a DMRS

9
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port mode field in a MAC CE, and the processor is further configured to: apply the
DMRS port mode to all the PDSCH transmissions, all the PUSCH transmission, or all
the PDSCH transmissions and all the PUSCH transmission in the active BWP after an

application time of the MAC CE.

[0048] In some embodiments of the present application, the indication indicating the
DMRS port mode for the at least one of the PDSCH transmission or the PUSCH
transmission is indicated by an RRC signalling for a PDSCH transmission or for a
PUSCH transmission, and the processor is further configured to: apply the DMRS
port mode for all the PDSCH transmissions or all the PUSCH transmission in the

active BWP after transmitting the RRC signalling.

[0049] In some embodiments of the present application, all the PDSCH
transmissions include at least one of dynamic scheduled PDSCH transmission(s) or
SPS PDSCH transmission(s) in the active BWP; or all the PUSCH transmissions
include at least one of dynamic scheduled PUSCH transmission(s) or CG PUSCH

transmission(s) in the active BWP.

[0050] According to some embodiments of the present application, a method
performed by a UE may include: receiving at least one DMRS configuration
associated with a first mode of DMRS ports and a second mode of DMRS ports; and
receiving an indication indicating a DMRS port mode of DMRS port(s) for at least
one of a PDSCH or a PUSCH transmission in an active BWP, wherein the DMRS port

mode is the first mode or the second mode.

[0051] According to some embodiments of the present application, a method
performed by a base station (BS) may include: transmitting at least one DMRS
configuration associated with a first mode of DMRS ports and a second mode of
DMRS ports; and transmitting an indication indicating a DMRS port mode of DMRS
port(s) for at least one of a PDSCH or a PUSCH transmission in an active BWP,

wherein the DMRS port mode is the first mode or the second mode.

BRIEF DESCRIPTION OF THE DRAWINGS

10



WO 2024/020891 PCT/CN2022/108378

[0052] In order to describe the manner in which the advantages and features of the
disclosure can be obtained, a description of the disclosure is rendered by reference to
specific embodiments thereof, which are illustrated in the appended drawings.
These drawings depict only exemplary embodiments of the disclosure and are not

therefore to be considered limiting of its scope.

[0053] FIG. 1 illustrates a schematic diagram of a wireless communication system in

accordance with some embodiments of the present disclosure;

[0054] FIG. 2 is a flow chart illustrating an exemplary method for determining

DMRS port mode according to some embodiments of the present disclosure;

[0055] FIG. 3 illustrates an exemplary method for applying a DMRS port mode to a
plurality of PDSCH transmissions according to some embodiments of the present

disclosure;

[0056] FIG. 4 illustrates an exemplary method for applying a DMRS port mode to a
plurality of PDSCH transmissions according to some other embodiments of the

present disclosure;

[0057] FIG. 5 illustrates an exemplary MAC CE for indicating a DMRS port mode

according to some embodiments of the present disclosure;

[0058] FIG. 6 illustrates an exemplary DL DMRS configuration indicating a DMRS

port mode according to some embodiments of the present disclosure;

[0059] FIG. 7 illustrates an exemplary PUSCH configuration indicating a DMRS

port mode according to some embodiments of the present disclosure;

[0060] FIG. 8 is a flow chart illustrating an exemplary method for determining
DMRS port mode according to some other embodiments of the present disclosure;

and

[0061] FIG. 9 illustrates a simplified block diagram of an exemplary apparatus for
determining DMRS port mode according to some embodiments of the present

disclosure.

11
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DETAILED DESCRIPTION

[0062] The detailed description of the appended drawings is intended as a
description of the preferred embodiments of the present disclosure and is not intended
to represent the only form in which the present disclosure may be practiced. It
should be understood that the same or equivalent functions may be accomplished by
different embodiments that are intended to be encompassed within the spirit and scope

of the present disclosure.

[0063] Reference will now be made in detail to some embodiments of the present
disclosure, examples of which are illustrated in the accompanying drawings. To
facilitate understanding, embodiments are provided under a specific network
architecture(s) and new service scenarios, such as the 3rd generation partnership
project (3GPP) 5G (NR), 3GPP long-term evolution (LTE) Release 8, and so on. It
is contemplated that along with the developments of network architectures and new
service scenarios, all embodiments in the present disclosure are also applicable to
similar technical problems; and moreover, the terminologies recited in the present
disclosure may change, which should not affect the principles of the present

disclosure.

[0064] FIG. 1 illustrates a schematic diagram of a wireless communication system

100 in accordance with some embodiments of the present disclosure.

[0065] As shown in FIG. 1, wireless communication system 100 may include some
UEs 101 (e.g., UE 101a and UE 101b) and a base station (e.g., BS 102). Although a
specific number of UEs 101 and BS 102 is depicted in FIG. 1, it is contemplated that
any number of UEs and BSs may be included in the wireless communication system

100.

[0066] The UE(s) 101 may include computing devices, such as desktop computers,
laptop computers, personal digital assistants (PDAs), tablet computers, smart
televisions (e.g., televisions connected to the Internet), set-top boxes, game consoles,
security systems (including security cameras), vehicle on-board computers, network
devices (e.g., routers, switches, and modems), or the like. According to some

embodiments of the present disclosure, the UE(s) 101 may include a portable wireless

12



WO 2024/020891 PCT/CN2022/108378

communication device, a smart phone, a cellular telephone, a flip phone, a device
having a subscriber identity module, a personal computer, a selective call receiver, or
any other device that is capable of sending and receiving communication signals on a
wireless network. In some embodiments of the present disclosure, the UE(s) 101
includes wearable devices, such as smart watches, fitness bands, optical
head-mounted displays, or the like. Moreover, the UE(s) 101 may be referred to as a
subscriber unit, a mobile, a mobile station, a user, a terminal, a mobile terminal, a
wireless terminal, a fixed terminal, a subscriber station, a user terminal, or a device, or
described using other terminology used in the art. The UE(s) 101 may communicate

with the BS 102 via UL communication signals.

[0067] The BS 102 may be distributed over a geographic region. In certain
embodiments of the present disclosure, the BS 102 may also be referred to as an
access point, an access terminal, a base, a base unit, a macro cell, a Node-B, an
evolved Node B (eNB), a gNB, a Home Node-B, a relay node, or a device, or
described using other terminology used in the art. The BS 102 is generally a part of
a radio access network that may include one or more controllers communicably
coupled to one or more corresponding BSs 102. The BS 102 may communicate with

UE(s) 101 via DL communication signals.

[0068] The wireless communication system 100 may be compatible with any type of
network that is capable of sending and receiving wireless communication signals.
For example, the wireless communication system 100 is compatible with a wireless
communication network, a cellular telephone network, a time division multiple access
(TDMA)-based network, a code division multiple access (CDMA)-based network, an
orthogonal frequency division multiple access (OFDMA)-based network, an LTE
network, a 3GPP-based network, a 3GPP 5G network, a satellite communications

network, a high altitude platform network, and/or other communications networks.

[0069] In some embodiments of the present disclosure, the wireless communication
system 100 is compatible with 5G NR of the 3GPP protocol. For example, BS 102
may transmit data using an orthogonal frequency division multiple (OFDM)
modulation scheme on the DL and the UE(s) 101 may transmit data on the UL using a

discrete Fourier transform-spread-orthogonal frequency division multiplexing
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(DFT-S-OFDM) or cyclic prefix-OFDM (CP-OFDM) scheme. More generally,
however, the wireless communication system 100 may implement some other open or

proprietary communication protocols, for example, WiMAX, among other protocols.

[0070] In some embodiments of the present disclosure, the BS 102 and UE(s) 101
may communicate using other communication protocols, such as the IEEE 802.11
family of wireless communication protocols. Further, in some embodiments of the
present disclosure, the BS 102 and UE(s) 101 may communicate over licensed
spectrums, whereas in some other embodiments, the BS 102 and UE(s) 101 may
communicate over unlicensed spectrums. The present disclosure is not intended to
be limited to the implementation of any particular wireless communication system

architecture or protocol.

[0071] In Rel-18 multiple input multiple output (MIMO) topic, it is agreed to study
methods for increasing the number of orthogonal DMRS ports to increase the
multiplexing capacity of downlink and uplink DMRS from various use cases. For
example, in Rel-18 MIMO work item description (WID), the following content is

agreed:

*  Study, and if justified, specify larger number of orthogonal DMRS ports for
downlink and uplink multi-user MIMO (MU-MIMO) (without increasing the
DM-RS overhead), only for CP-OFDM,

. Striving for a common design between DL and UL DMRS;

il. Up to 24 orthogonal DMRS ports, where for each applicable DMRS type,
the maximum number of orthogonal ports is doubled for both single-

symbol and double-symbol DMRS.

[0072] In RANI1 meeting #109, various methods were proposed to increase the
number of DMRS ports for PDSCH transmission or PUSCH transmission. These
methods may include FD-OCC with length 4 or length 6, frequency division
multiplexing (FDM), comb and Time domain-orthogonal cover code (TD-OCC)
methods. Compared with a Release 15 (Rel-15) DMRS port, the channel estimation

performance of a Release 18 (Rel-18) DMRS port may be poorer in some scenarios.

14



WO 2024/020891 PCT/CN2022/108378

For example, if FDM is adopted in Rel-18 and the delay spread of the channel
between a BS and a UE is large, the channel estimation performance of a Rel-18
DMRS port may be poorer since the DMRS density for the Rel-18 DMRS port is
reduced. For a Rel-18 UE, it may support both Rel-18 DMRS ports and Rel-15
DMRS ports. The different kinds of DMRS ports may be used in different scenarios
based on different requirements. For example, Rel-15 DMRS ports may have better
channel estimation performance while Rel-18 DMRS ports may have a greater
number of DMRS ports which can increase the multiplexing capacity of DMRS.
Given this, to support dynamically switching between Rel-15 DMRS ports and Rel-18
DMRS ports in different scenarios, there is a need for indicating a UE to use which
kind of DMRS ports (e.g., Rel-18 DMRS ports or Rel-15 DMRS ports) in different

scenarios.

[0073] Given the above, embodiments of the present disclosure propose solutions
for determining DMRS port mode for DMRS port(s) for PDSCH transmission or
PUSCH transmission. For example, embodiments of the present disclosure propose
several solutions for indicating a DMRS port mode for DMRS port(s) for PDSCH
transmission or PUSCH transmission, wherein the DMRS port mode indicates that the
DMRS port(s) is which mode (or kind) of DMRS ports (e.g., Rel-18 DMRS ports or
Rel-15 DMRS ports). In addition, embodiments of the present disclosure also
propose solutions regarding how to use the DMRS port mode to determine DMRS
ports for PDSCH transmission or PUSCH transmission. More details on the
embodiments of the present disclosure will be illustrated in the following text in

combination with the appended drawings.

[0074] FIG. 2 is a flow chart illustrating an exemplary method 200 for determining
DMRS ports according to some embodiments of the present disclosure. The method

in FIG. 2 may be implemented by a UE (e.g., UE 101 as shown in FIG. 1).

[0075] In the exemplary method shown in FIG. 2, in step 201, the UE may receive at
least one DMRS configuration associated with a first mode of DMRS ports and a
second mode of DMRS ports from a BS (e.g., BS 102 as shown in FIG. 1).

[0076] The first mode of DMRS ports and the second mode of DMRS ports may
support different number of DMRS ports. For example, the number of DMRS ports
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supported by the second mode of DMRS ports may be larger than the number of
DMRS ports supported by the first mode of DMRS ports. In some embodiments of
the present application, the first mode of DMRS ports may be pre-Rel-18 DMRS ports
(e.g., Rel-15 DMRS ports) and the second mode of DMRS ports may be Rel-18
DMRS ports or beyond-Rel-18 DMRS ports (or post-Rel-18 DMRS ports). In some
embodiments of the present application, the first mode of DMRS ports and the second
mode of DMRS ports may also be referred to as the first kind of DMRS ports and the
second kind of DMRS ports.

[0077] In some embodiments of the present application, the first mode of DMRS
ports and the second mode of DMRS ports for a PDSCH transmission may be
associated with different DMRS configurations (i.e., DMRS-DownlinkConfig as
specified in TS 38.331). In such embodiments, the at least one DMRS configuration

may include the followings.

* a first downlink (DL) DMRS configuration associated with the first mode of
DMRS ports, for example, downlink DMRS for PDSCH is transmitted

according to the first downlink DMRS configuration;

* asecond downlink DMRS configuration associated with the second mode of
DMRS ports, for example, downlink DMRS for PDSCH is transmitted

according to the second downlink DMRS configuration.

[0078] In some embodiments of the present application, the first mode of DMRS
ports and the second mode of DMRS ports for a PUSCH transmission may be
associated with different DMRS configurations (i.e., DMRS-UplinkConfig as
specified in TS 38.331). In such embodiments, the at least one DMRS configuration

may include the followings.

* a first uplink (UL) DMRS configuration associated with the first mode of
DMRS ports, for example, uplink DMRS for PUSCH is transmitted

according to the first uplink DMRS configuration;

* asecond uplink (UL) DMRS configuration associated with the second mode

of DMRS ports, for example, uplink DMRS for PUSCH is transmitted
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according to the second uplink DMRS configuration.

[0079] In the above embodiments, the fields included in the first uplink DMRS
configuration associated with the first mode of DMRS ports and the second uplink
DMRS configuration associated with the second mode of DMRS ports may have the
same or different values. The fields included in the first downlink DMRS
configuration associated with the first mode of DMRS ports and the second downlink
DMRS configuration associated with the second mode of DMRS ports may have the

same or different values.

[0080] In some embodiments of the present application, the first mode of DMRS
ports and the second mode of DMRS ports for a PDSCH transmission may be
associated with the same DMRS configuration. In such embodiments, the at least

one DMRS configuration may include:

* a downlink DMRS configuration associated with both the first mode of
DMRS ports and the second mode of DMRS ports, for example, downlink
DMRS for PDSCH is transmitted according to the downlink DMRS

configuration.

[0081] In some embodiments of the present application, the first mode of DMRS
ports and the second mode of DMRS ports for a PUSCH transmission may be
associated with the same DMRS configuration. In such embodiments, the at least

one DMRS configuration may include:

* an uplink DMRS configuration associated with both the first mode of DMRS
ports and the second mode of DMRS ports, for example, uplink DMRS for
PUSCH is transmitted according to the uplink DMRS configuration.

[0082] A DL DMRS configuration may include a field (e.g., denoted as dmrs-Type)
indicating a DMRS type (which configures the DMRS pattern in frequency domain,
e.g., dmrs-Type =1 or 2) of a downlink DMRS, a field (e.g., denoted as maxLength)
indicating a maximum length of the downlink DMRS (which means that DMRS
occupies the number of consecutive symbols in time domain, e.g., maxLength =1 or 2),

and other fields for configuring the downlink DMRS. An example of fields included
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in a DL DMRS configuration may refer to DMRS-DownlinkConfig as specified in TS
38.331.

[0083] A UL DMRS configuration may include a field (e.g., denoted as dmrs-Type)
indicating a DMRS type (which configures the DMRS pattern in {requency domain,
e.g., dmrs-Type =1 or 2) of an uplink DMRS, a field (e.g., denoted as maxLength)
indicating a maximum length of the uplink DMRS (which means that DMRS occupies
the number of consecutive symbols in time domain, e.g., maxLength =1 or 2), a field
including parameters when a transform precoder is enabled, a field including
parameters when a transform precoder is disabled, and other fields for configuring the
uplink DMRS. An example of fields included in a UL DMRS configuration may
refer to DMRS-UplinkConfig as specified in TS 38.331.

[0084] If the first mode of DMRS ports and the second mode of DMRS ports for a
PDSCH or a PUSCH transmission are associated with different DMRS configurations,
the values of the above fields included in the different DMRS configurations may be

same or may be different.

[0085] In step 203, the UE may receive an indication indicating a DMRS port mode
of DMRS port(s) for at least one of a PDSCH transmission or a PUSCH transmission
in an active BWP from the BS. The DMRS port mode may be the first mode or the

second mode as stated above.

[0086] In some embodiments of the present application, the UE may determine
DMRS port(s) for PDSCH transmission(s) or PUSCH transmission(s) based on the
DMRS port mode and the at least one DMRS configuration. The specific operation

will be described in detail below.

[0087] Embodiment 1

[0088] In embodiment 1, the DMRS port mode of DMRS port(s) may be indicated
by a UE specific DCI format or a CG configuration. Based on the different
indicating methods, embodiment 1 may further include embodiment 1-1, embodiment

1-2, and embodiment 1-3.
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[0089] Embodiment 1-1

[0090] In embodiment 1-1, the DMRS port mode may be explicitly indicated by a
field (e.g., denoted as a DMRS port mode field) in a non-fallback DCI format for
scheduling or activating a PDSCH transmission or a PUSCH transmission or in a CG
configuration. In such embodiment, the indication indicating a DMRS port mode of
DMRS port(s) for the PDSCH transmission or the PUSCH transmission may be the
DMRS port mode field in a non-fallback DCI format or in a CG configuration.

[0091] In some embodiments, the DMRS port mode field may be a new field added

in a non-fallback DCI format.

[0092] In some embodiments, the DMRS port mode field may be a 1-bit field. The
first value (e.g., 0) of the 1-bit field may indicate that the DMRS port mode of DMRS
port(s) for a PDSCH transmission or a PUSCH transmission is the first mode and a
second value (e.g., 1) of the 1-bit field may indicate that the DMRS port mode of
DMRS port(s) for a PDSCH transmission or a PUSCH transmission is the second

mode.

[0093] For a PDSCH transmission, a non-fallback DCI format may be DCI format
1_1 or DCI format 1_2 as specified in 3GPP standard documents. For a PUSCH
transmission, a non-fallback DCI format may be DCI format 0_1 or DCI format 0_2

as specified in 3GPP standard documents.

[0094] In some embodiments, whether the DMRS port mode field is included in a
non-fallback DCI format may be configured by an RRC signalling. For example, if
a UE supports both the first mode of DMRS ports and the second mode of DMRS
ports and support dynamic switching between the first mode of DMRS port and the
second mode of DMRS port, the UE may receive an RRC signalling indicating that
the DMRS port mode field is included in a non-fallback DCI format.

[0095] In some cases of embodiment 1-1, the non-fallback DCI format may be a
non-fallback DCI format for scheduling a PDSCH transmission (or a PUSCH
transmission) or a PDSCH retransmission (or a PUSCH retransmission). In some

other cases of embodiment 1-1, for a type 2 CG PUSCH transmission (or a SPS
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PDSCH transmission), the non-fallback DCI format may be a non-fallback DCI
format for activating the type 2 CG PUSCH transmission (or activating the SPS
PDSCH transmission). In some cases of embodiment 1-1, for a type 1 CG PUSCH
transmission, the field is included in a CG configuration to indicate the DMRS port

mode for the type 1 CG PUSCH transmission.

[0096] In the above cases, for a PDSCH transmission or a PUSCH transmission, the
UE may determine an antenna port table based on the DMRS port mode indicated by
the DMRS port mode field and a DMRS configuration of the at least one DMRS
configuration for the PDSCH transmission (or the PUSCH transmission), wherein the
DMRS configuration may be associated with the DMRS port mode indicated by the
DMRS port mode field. Then, the UE may determine DMRS port(s) for the PDSCH
transmission (or the PUSCH transmission) based on the antenna port table and an

antenna port field included in the non-fallback DCI format.

[0097] In some embodiments of the present application, the first mode of DMRS
ports and the second mode of DMRS ports may be associated with different antenna
port tables. For example, the first mode of DMRS ports may be associated with a
first set of antenna port tables, each antenna port table in the first set of antenna port
tables may be associated with a corresponding DMRS configuration and used for
determining DMRS ports of the first mode of DMRS ports. The second mode of
DMRS ports may be associated with a second set of antenna port tables different from
the first set of antenna port tables, each antenna port table in the second set of antenna
port tables may be associated with a corresponding DMRS configuration and used for

determining DMRS ports of the second mode of DMRS ports.

[0098] Then, based on the DMRS port mode and the DMRS configuration, the UE
may determine, from the first set of antenna port tables or the second set of antenna

port tables, an antenna port table.

[0099] After determining the antenna port table, the UE may determine DMRS
port(s) for the PDSCH transmission (or the PUSCH transmission) based on the
antenna port table and the antenna port field. For example, the antenna port field
may indicate an index of an entry in the antenna port table, and the entry may indicate

one or more DMRS ports. The UE may determine the one or more DMRS ports to

20



WO 2024/020891 PCT/CN2022/108378

be DMRS port(s) for the PDSCH transmission (or the PUSCH transmission).

[00100] For example, when the first mode of DMRS ports are Rel-15 DMRS ports
and the second mode of DMRS ports are Rel-18 DMRS ports, additional antenna port
tables associated with Rel-18 DMRS ports may be specified in 3GPP standard
documents for Rel-18 DMRS port indication. In such example, the DMRS port
mode may indicate a UE whether a Rel-15 antenna port table or a newly added Rel-18

antenna port table is used to determine DMRS port.

[00101] In some other embodiments of the present application, the first mode of
DMRS ports and the second mode of DMRS ports may share the same antenna port
tables, wherein each antenna port table may be associated with a corresponding
DMRS configuration of the at least one DMRS configuration and used for
determining DMRS ports of the first mode of DMRS ports and DMRS ports of the
second mode of DMRS ports. In some cases, a part of entries in an antenna port
table may be used for determining DMRS ports of the first mode of DMRS ports and
all the entries of the antenna port table may be used for determining DMRS ports of
the second mode of DMRS ports.

[00102] Then, based on the DMRS port mode and the DMRS configuration, the UE

may determine an antenna port table.

[00103] After determining the antenna port table, the UE may determine DMRS
port(s) for the PDSCH transmission (or the PUSCH transmission) based on the
antenna port table and the antenna port field. For example, the antenna port field
may indicate an index of an entry in the antenna port table, and the entry may indicate
one or more DMRS ports. In some cases, if the DMRS port mode is the first mode,
the entry indicated by the antenna port field may be an entry within a part of entries of
the antenna port table; if the DMRS port mode is the second mode, the entry indicated
by the antenna port field may be any entry in the antenna port table. The UE may
determine the one or more DMRS ports to be DMRS port(s) for the PDSCH

transmission (or the PUSCH transmission).

[00104] For example, when the first mode of DMRS ports are Rel-15 DMRS ports
and the second mode of DMRS ports are Rel-18 DMRS ports, additional entries may
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be added to the antenna port tables dedicated for Rel-18 DMRS ports. When the
DMRS port mode is Rel-15 DMRS port, only the entries including DMRS ports
specified in Rel-15 can be indicated by the antenna port field. When the DMRS port
mode is Rel-18 DMRS port, all the entries of the antenna port tables can be indicated

by the antenna port field.

[00105] In embodiment 1-1, a bit width of the antenna port field included in the
non-fallback DCI format may be a maximum bit width of a bit width required to
indicate antenna port(s) (i.e., DMRS port(s)) for the first mode of DMRS ports and a
bit width required to indicate antenna port(s) (i.e., DMRS port(s)) for the second
mode of DMRS ports.

[00106] For example, it is assumed that: a DCI format 0_1 schedules a CP-OFDM
(i.e., the transform precoder is disabled) PUSCH transmission and indicates the rank
of the PUSCH transmission is 2; a 1-bit DMRSPortMode field is added in the DCI
format O_1 to indicate the DMRS port mode of DMRS port(s) for the scheduled
PUSCH transmission for a UE; an antenna port field in the DCI format 0_1 indicates
value "011."

[00107] In addition, it is also assumed that: the UE supports Rel-18 DMRS ports and
Rel-15 DMRS ports and supports dynamically switching between Rel-18 DMRS
ports and Rel-15 DMRS ports; and a first DMRS configuration (e.g., DMRS
configuration #1) is associated with Rel-18 DMRS ports and a second DMRS
configuration (e.g., DMRS configuration #2) is associated with Rel-15 DMRS ports,
for example, the DMRS configuration #1 and DMRS configuration #2 may both

indicate that dmrs-Type=1 and maxLength=1.

[00108] Assuming that new antenna port tables are specified for Rel-18 DMRS ports.
For example, Table 1 may be an antenna port table with DMRS configuration #2 and
associated with Rel-15 DMRS ports (e.g., for Rel-15 DMRS port indication), which is
the same as Table 7.3.1.1.2-9 in TS 38.212. Table 2 may be an exemplary antenna
port table with DMRS configuration #1 and associated with Rel-18 DMRS ports (e.g.,
for Rel-18 DMRS port indication).
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Table 1: Rel-15 Antenna port(s), transform precoder is disabled, dmrs-Type=1,

maxLength=1, rank = 2

0 1 0,1

1 2 0,1

2 2 2,3

3 2 0,2
4-7 Reserved Reserved

Table 2: Rel-18 Antenna port(s), transform precoder is disabled, dmrs-Type=1,

maxLength=1, rank = 2

0 2 0.1
1 2 2,3
2 2 0.2
3 2 8.9
4 2 10,11
5 2 8,10
6 2 0.8
7 2 0,10

[00109] Referring to Table 1 and Table 2, when the DMRSPortMode field equals "0,"
it means that the indicated DMRS port(s) for the scheduled PUSCH is Rel-15 DMRS
port(s) and Table 1 will be used for DMRS port indication. Based on "011"
indicated by the antenna port field, the UE may determine that DMRS port 0 and
DMRS port 2 in the 4™ entry in Table 1 will be used for the PUSCH transmission.

[00110] When the DMRSPortMode field equals "1," it means that the indicated
DMRS port(s) for the scheduled PUSCH is Rel-18 DMRS port(s) and Table 2 will be
used for DMRS port indication. Based on "011" indicated by the antenna port field,
the UE may determine that DMRS port 8 and DMRS port 9 in the 4t entry in Table 2

will be used for the PUSCH transmission.

[00111] In some cases of embodiment 1-1, for a PDSCH transmission (or a PUSCH
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transmission) scheduled by a fallback DCI format, the DMRS port mode is the first
mode for the PDSCH transmission (or the PUSCH transmission). For a PDSCH
transmission, a fallback DCI format may be DCI format 1_0 as specified in 3GPP
standard documents. For a PUSCH transmission, a fallback DCI format may be DCI

format 0_0O as specified in 3GPP standard documents.

[00112] In such cases, the fallback DCI format does not include a field indicating a
DMRS port mode. In response to receiving the fallback DCI format scheduling a
PDSCH transmission (or a PUSCH transmission), the UE may determine that a
DMRS port mode for DMRS port(s) for the PDSCH transmission (or a PUSCH
transmission) is the first mode (i.e., Rel-15 DMRS ports).

[00113] Embodiment 1-2

[00114] In embodiment 1-2, the first mode of DMRS ports and the second mode of
DMRS ports may share the same antenna port tables. The DMRS port mode of
DMRS port(s) may be implicitly indicated in a non-fallback DCI format for a PDSCH
transmission or a PUSCH transmission or in a CG configuration. For example, the
DMRS port mode may be indicated by an antenna port field included in a
non-fallback DCI format or in a CG configuration. In such embodiments, the
indication indicating a DMRS port mode may be an antenna port field included in a

non-fallback DCI format or in a CG configuration.

[00115] For a PDSCH transmission, a non-fallback DCI format may be DCI format
1_1 or DCI format 1_2 as specified in 3GPP standard documents. For a PUSCH
transmission, a non-fallback DCI format may be DCI format 0_1 or DCI format 0_2

as specified in 3GPP standard documents.

[00116] In some cases of embodiment 1-2, the non-fallback DCI format may be a
non-fallback DCI format for scheduling a PDSCH transmission (or a PUSCH
transmission) or a PDSCH retransmission (or a PUSCH retransmission). In some
other cases of embodiment 1-2, for a type 2 CG PUSCH transmission (or a SPS
PDSCH transmission), the non-fallback DCI format may be a non-fallback DCI
format for activating the type 2 CG PUSCH transmission (or the SPS PDSCH

transmission). In some cases of embodiment 1-2, for a type 1 CG PUSCH
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transmission, the field is included in a CG configuration to indicate the DMRS port

mode for the type 1 CG PUSCH transmission.

[00117] In the above cases, for a PDSCH transmission or a PUSCH transmission, the
UE may determine the DMRS port mode for the PDSCH transmission or the PUSCH
transmission based on the antenna port field. The following embodiments provide

several methods for determining the DMRS port mode based on the antenna port

field.

[00118] In some embodiments, an antenna port table shared by the first mode of
DMRS ports and the second mode of DMRS ports may include a set of entries (e.g.,
denoted as set #A) dedicated for indicating the first mode of DMRS ports and a set of
entries (demoted as set #B) dedicated for indicating the second mode of DMRS ports,
wherein set #A are different from set #B (e.g., set #A and set #B do not have any same
entry). For example, when the first mode of DMRS ports are Rel-15 DMRS ports
and the second mode of DMRS ports are Rel-18 DMRS ports, additional entries may
be added to the antenna port tables for Rel-18 DMRS ports. The legacy DMRS ports
entries in the antenna port tables may be dedicated for Rel-15 DMRS port indication
and newly added additional entries may be dedicated for Rel-18 DMRS port
indication. Then, the DMRS port mode may be indicated implicitly by an index of

an entry indicated by the antenna port field.

[00119] For example, based on the DMRS configuration for the first mode of DMRS
ports and the second mode of DMRS ports, the UE may determine an antenna port
table shared by the first mode of DMRS ports and the second mode of DMRS ports.
The antenna port table may include first set of entries associated with the first mode
of DMRS ports and a second set of entries associated with the second mode of DMRS
ports. The antenna port field may indicate an index of an entry in the antenna port
table, wherein the entry may indicate the DMRS port(s) and the DMRS port mode.
Then, the UE may determine the DMRS port mode of the DMRS port(s) based on the
entry index of the entry indicated by the antenna port field. For example, in the case
that the entry index indicates that the entry belongs to the first set of entries, the UE
may determine that the DMRS port mode of the DMRS ports in the entry is the first

mode; in the case that the entry index indicates that the entry belongs to the second set
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of entries, the UE may determine that the DMRS port mode of the DMRS ports in the

entry is the second mode.

[00120] In some other embodiments, the FDM method or comb method may be
adopted to increase the number of DMRS ports. Then, the DMRS port mode may be
implicitly indicated by the column "Number of DMRS CDM group(s) without data"
in a DMRS port table (i.e., antenna port table) since more CDM groups may be

introduced for increasing the number of DMRS ports.

[00121] For example, based on the DMRS configuration for the first mode of DMRS
ports and the second mode of DMRS ports, the UE may determine an antenna port
table shared by the first mode of DMRS ports and the second mode of DMRS ports.
The antenna port field may indicate an index of an entry in the antenna port table.
Then, the UE may determine the DMRS port mode of the DMRS port(s) in the entry
based on the number of DMRS CDM groups without data indicated by the entry.

[00122] For example, in the case that the number of DMRS CDM groups without
data is not larger than 2 for DMRS type 1 or not larger than 3 for DMRS type 2, the
UE may determine that the DMRS port mode of the DMRS port(s) is the first mode;
in the case that the number of DMRS CDM groups without data is larger than 2 for
DMRS type 1 or larger than 3 for DMRS type 2, the UE may determine that the
DMRS port mode of the DMRS port(s) is the second mode.

[00123] In some other embodiments, the FD-OCC with length 4 or length 6 may be
adopted to increase the number of DMRS ports.

[00124] In some cases, one column may be added in an antenna port table to indicate
the length of FD-OCC. Then, the UE may determine the DMRS port mode based on
the length of FD-OCC.

[00125] For example, based on the DMRS configuration for the first mode of DMRS
ports and the second mode of DMRS ports, the UE may determine an antenna port
table shared by the first mode of DMRS ports and the second mode of DMRS ports.
The antenna port field may indicate an index of an entry in the antenna port table.

Then, the UE may determine the DMRS port mode of the DMRS port(s) in the entry
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based on a length of FD-OCC indicated by the entry.

[00126] For example, in the case that the length of FD-OCC is 2, the UE may
determine that the DMRS port mode of the DMRS port(s) in the entry is the first
mode; in the case that the number of DMRS CDM group is larger than 2 (e.g., 4 or 6
if FD-OCC with length 4 or 6 is adopted in Rel-18 to increase the number of DMRS
ports), the UE may determine that the DMRS port mode of the DMRS port(s) in the

entry is the second mode

[00127] In some other cases, one column may be added in an antenna port table to
indicate the number of DMRS ports within a CDM group. Then, the UE may
determine the DMRS port mode based on the the number of DMRS ports within a
CDM group.

[00128] For example, based on the DMRS configurations for the first mode of DMRS
ports and the second mode of DMRS ports, the UE may determine an antenna port
table shared by the first mode of DMRS ports and the second mode of DMRS ports.
The antenna port field may indicate an index of an entry in the antenna port table.
Then, the UE may determine the DMRS port mode of the DMRS port(s) in the entry
based on the number of DMRS ports within a CDM group indicated by the entry.

[00129] For example, in the case that the number of DMRS ports within a CDM
group is 2 for single-symbol DMRS or 4 for double-symbol DMRS, the UE may
determine that the DMRS port mode of the DMRS port(s) is the first mode; in the
case that the number of DMRS ports within a CDM group is 4 for single-symbol
DMRS or is 8 for double-symbol DMRS, the UE may determine that the DMRS port
mode of the DMRS port(s) is the second mode.

[00130] For example, it is assumed that: a DCI format 1_1 schedules a PDSCH
transmission; a DMRS configuration (e.g., DMRS configuration #1) is associated
with Rel-18 DMRS ports and Rel-15 DMRS ports, for example, the DMRS
configuration #1 may indicate that dmrs-Type=1 and maxLength=1; and FD-OCC of
length 4 is used to increase the number of DMRS ports in Rel-18.

[00131] In addition, it is also assumed that: Rel-18 DMRS ports and Rel-15 DMRS
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ports share the same DMRS port tables. For example, based on the same DMRS
configuration #1, the UE may determine an antenna port table (e.g., Table 3 shown

below) shared by Rel-18 DMRS ports and Rel-15 DMRS ports.

Table 3: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1

O (0|1 || |~ |W N |~ O

B (D [N D DD D [ | [ [N [N N[N == | —

- 132?1 -

[00132] Referring to Table 3, the column "Length of FD-OCC" may be a newly
added column compared with the antenna port tables in Rel-15. Then, the UE may
determine the DMRS port mode based on the length of FD-OCC.

[00133] For example, if antenna port field in DCI format 1_1 equals "0111", the UE
may determine that DMRS port 0 and DMRS port 1 in the g™ entry in Table 3 will be
used for the PDSCH transmission and determine that the indicated DMRS ports (i.e.,
DMRS port 0 and DMRS port 1) are Rel-15 DMRS ports because the length of
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FD-OCC in the 8" entry is 2. In another example, if antenna port field in DCI
format 1_1 equals "1100", the UE may determine that DMRS port 0 and DMRS port 1
in the 13" entry in Table 3 will be used for the PDSCH transmission and determine
that the indicated DMRS ports (i.e., DMRS port 0 and DMRS port 1) are Rel-18
DMRS ports because the length of FD-OCC in the 13® entry is 4.

[00134] In some cases of embodiment 1-2, for a PDSCH transmission (or a PUSCH
transmission) scheduled by a fallback DCI format, the DMRS port mode is the first
mode for the PDSCH transmission (or the PUSCH transmission). For a PDSCH
transmission, a fallback DCI format may be DCI format 1_0 as specified in 3GPP
standard documents. For a PUSCH transmission, a fallback DCI format may be DCI

format 0_0O as specified in 3GPP standard documents.

[00135] In such cases, the fallback DCI format does not include a field indicating a
DMRS port mode. In response to receiving the fallback DCI format scheduling a
PDSCH transmission (or a PUSCH transmission), the UE may determine that a
DMRS port mode for DMRS port(s) for the PDSCH transmission (or a PUSCH
transmission) is the first mode (i.e., Rel-15 DMRS ports).

[00136] In some cases of the present application, if a channel quality between a UE
and a BS becomes bad and the DMRS port(s) of a dynamic scheduled PDSCH
transmission needs to fall back to Rel-15 DMRS port(s), the DMRS port(s) of other
scheduled PDSCH transmissions or SPS PDSCH transmissions may also probably
need to fall back to Rel-15 DMRS port(s). In some other cases of the present
application, if a channel quality of a DL channel between a UE and a BS becomes bad,
it is probable that a channel quality of a UL channel also becomes bad, and the DMRS
port(s) of a dynamic scheduled PUSCH transmission or a CG PUSCH transmission
may also need to fall back to Rel-15 DMRS port(s).

[00137] Given this, embodiment 1-3 may provide a method in which a DMRS port

mode may apply to a plurality of PDSCH transmissions or PUSCH transmissions.

[00138] Embodiment 1-3

[00139] In embodiment 1-3, the indication indicating a DMRS port mode may be a
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field (e.g., denoted as a DMRS port mode field) in a non-fallback DCI format for
scheduling a PDSCH transmission or a PUSCH transmission. For a PDSCH
transmission, a non-fallback DCI format may be DCI format 1_1 or DCI format 1_2
as specified in 3GPP standard documents. For a PUSCH transmission, a
non-fallback DCI format may be DCI format 0_1 or DCI format 0_2 as specified in
3GPP standard documents.

[00140] In some embodiments, the DMRS port mode field may be a new field added
in a non-fallback DCI format.

[00141] In some embodiments, the DMRS port mode field may be a 1-bit field. The
first value (e.g., 0) of the 1-bit field may indicate that the DMRS port mode is the first
mode and a second value (e.g., 1) of the 1-bit field may indicate that the DMRS port

mode is the second mode.

[00142] After receiving the the indication indicating a DMRS port mode, the UE may
apply to DMRS port mode to all the PDSCH transmissions or all the PUSCH
transmissions in the active BWP (e.g., in the active BWP in a serving cell) after an
application time of the indication, which means that the UE may determine that the
DMRS port(s) of all PDSCH transmission or all PUSCH transmission is the first
mode of DMRS ports or the second mode of DMRS ports by the same DMRS port

mode. The application time may be determined based on the following methods.

[00143] In some cases, the non-fallback DCI format may schedule a PDSCH
transmission.  After receiving the non-fallback DCI format, the UE may transmit the
HARQ-ACK information (e.g., acknowledgement (ACK) or negative
acknowledgement (NACK)) of the PDSCH transmission to the BS. The
HARQ-ACK information of the PDSCH transmission may be used as an

acknowledgement of the non-fallback DCI format.

[00144] Then, the UE apply the DMRS port mode to all the PDSCH transmissions
after an application time of the indication (e.g., DMRS port field). In some
embodiments, the DMRS port mode may be used until another application time of
another indication to indicate another DMRS port mode. The application time may

be a number of time units after the last symbol of a PUCCH carrying the HARQ-ACK
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information for the PDSCH transmission. All the PDSCH transmissions include at
least one of dynamic scheduled PDSCH transmission(s) or SPS PDSCH

transmission(s) in the active BWP.

[00145] In the above cases, applying the DMRS port mode to all the PDSCH
transmissions means using the DMRS port mode to determine a same set of DMRS
port tables for all the PDSCH transmissions (e.g., the set of DMRS port tables
associated with Rel-15 DMRS ports or the set of DMRS port tables associated with
Rel-18 DMRS ports). The determined DMRS port tables may be used for
determining DMRS port(s) for all the PDSCH transmissions. For example, for a
dynamic scheduled PDSCH transmission, the UE may determine DMRS port(s) based
on a DMRS port table (e.g., denoted as DMRS port table #1) in the set of DMRS port
tables associated with the DMRS port mode and an antenna port field included a DCI
format (which is different from the DCI format indicating the DMRS port mode).
For a SPS PDSCH transmission, the UE may determine DMRS port(s) based on
another DMRS port table (e.g., denoted as DMRS port table #2) in the set of DMRS
port tables associated with the DMRS port mode and an antenna port field included
the DCI format indicating the DMRS port mode. The determined DMRS port table
#1 and DMRS port table #2 may be same or different.

[00146] In some cases, the non-fallback DCI format may schedule a PUSCH
transmission. In such cases, the BS may transmit another DCI format scheduling
another PUSCH transmission with a same HARQ process number and having a

toggled NDI field value as an acknowledgement of the non-fallback DCI format.

[00147] Then, the UE may apply the DMRS port mode to all the PUSCH
transmissions in the active BWP after an application time of the indication (e.g.,
DMRS port field). In some embodiments, the DMRS port mode may be used until
another application time of another indication to indicate another DMRS port mode.
The application time is a number of time units after the last symbol of another DCI
format scheduling another PUSCH transmission with a same HARQ process number
and having a toggled NDI field value. All the PUSCH transmissions include at least
one of dynamic scheduled PUSCH transmission(s) or CG PUSCH transmission(s) in
the active BWP.
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[00148] In the above cases, applying the DMRS port mode to all the PUSCH
transmissions means using the DMRS port mode to determine a same set of DMRS
port tables for all the PUSCH transmissions in the active BWP (e.g., the set of DMRS
port tables associated with Rel-15 DMRS ports or the set of DMRS port tables
associated with Rel-18 DMRS ports). The determined DMRS port tables may be
used for determining DMRS port(s) for all the PUSCH transmissions in the active
BWP. For example, for a dynamic scheduled PUSCH transmission, the UE may
determine DMRS port(s) based on a DMRS port table (e.g., denoted as DMRS port
table #1') in the set of DMRS port tables associated with the DMRS port mode and an
antenna port field included a DCI format (which is different from the DCI format
indicating the DMRS port mode). For a CG PUSCH transmission, the UE may
determine DMRS port(s) based on another DMRS port table (e.g., denoted as DMRS
port table #2') in the set of DMRS port tables associated with the DMRS port mode
and an antenna port field included the DCI format indicating the DMRS port mode.

[00149] In the above cases, a time unit may be a slot, a symbol, a sub-slot, 1ms, etc.

[00150] In some embodiments, the number of time units may be configured by a

higher layer (e.g., a layer higher than a physical layer) signalling.

[00151] In some embodiments, the number of time units may be not configured for
the UE, then the UE may use a default value (e.g., 0) as the number of time units. In
such embodiments, the UE may apply a DMRS port mode to all the PDSCH
transmissions or all the PUSCH transmissions in the active BWP (e.g., in the active

BWP in a serving cell) in response to (e.g., after or upon) receiving the indication.

[00152] FIG. 3 illustrates an exemplary method for applying a DMRS port mode to a
plurality of PDSCH transmissions according to some embodiments of the present

disclosure.

[00153] Referring to FIG. 3, it illustrates five PDSCH transmissions as an example,
wherein PDSCH transmissions #0, #1, #3 are different transmission occasion of a SPS
PDSCH transmission with a periodicity of 4 slots. PDSCH transmissions #2 and #4

are two dynamic scheduled PDSCH transmissions.
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[00154] It is assumed that PDSCH transmissions #0 and #1 are transmitted by a BS
with Rel-15 DMRS port(s). At a time point t1, a DCI format 1_1 (e.g., denoted as
DCI #0) schedules PDSCH transmission #2 and indicates that the DMRS port mode is
Rel-18 DMRS port(s). At a time point t3, a DCI format 1_2 (e.g., denoted as DCI #1)
schedules PDSCH transmission #4. Assuming that UE successfully decodes DCI
format #0 and the application time of the DMRS port mode is t2. Then, PDSCH
transmissions #3 and # 4 after t2 will use Rel-18 DMRS ports afterwards

[00155] Besides the UE specific DCI format, a group common DCI format may also
be used to indicate the DMRS port mode for a UE. In Rel-18, DMRS ports may be
multiplexed between Rel-18 UEs or may be multiplexed between Rel-15 UEs and
Rel-18 UEs. In some scenarios, more than one UE may need to switch/update the
DMRS port mode simultaneously. Then, a group common DCI format may be
introduced to effectively indicate the DMRS port mode for multiple UEs. The
following embodiment 2 illustrates how to indicate the DMRS port mode by a group

common DCI format.

[00156] Embodiment 2

[00157] In embodiment 2, the DMRS port mode of DMRS port(s) may be indicated
by a group common DCI format. Based on the different indicating methods,

embodiment 2 may further include embodiment 2-1 and embodiment 2-2.

[00158] Embodiment 2-1

[00159] In embodiment 2-1, the group common DCI may indicate DMRS port mode
for PDSCH transmission and PUSCH transmission separately.

[00160] Embodiment 2-1-1

[00161] In embodiment 2-1-1, a group common DCI format scrambled with a
dedicated RNTI, e.g., DMRS-RNTI, may be introduced to indicate the DMRS port

mode.

[00162] In such embodiments, the UE may receive a group common DCI format

scrambled with an RNTI (e.g., DMRS-RNTI) specific or dedicated for DMRS port
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mode indication.

[00163] The group common DCI format may include one or more indications,
wherein each indication of the one or more indications is for a corresponding UE.
Each indication may include an indication indicating a DMRS port mode for PDSCH
transmission for a corresponding UE and another indication indicating a DMRS port

mode for PUSCH transmission for the corresponding UE.

[00164] For example, the group common DCI format may include the following
information: DMRSPortMode indication #1, DMRSPortMode indication #2, ...,
DMRSPortMode indication #N, wherein DMRSPortMode indication #1 is for UE #1
DMRSPortMode indication #2 is for UE #2, ..., DMRSPortMode indication #N is for
UE #N.

[00165] Each DMRSPortMode indication may include 2 bits, wherein one bit is used
for indicating a DMRS port mode for PDSCH transmission for a corresponding UE,
and the other bit is used for indicating a DMRS port mode for PUSCH transmission
for the corresponding UE. For example, each bit of DMRSPortMode indication
equals "0" means that the DMRS port mode is Rel-15 DMRS port(s) and the bit
equals "1" means that the DMRS port mode is Rel-18 DMRS port(s).

[00166] Before receiving the group common DCI format, the UE may receive
configuration information indicating the RNTI specific or dedicated for DMRS port
mode indication, such that it may use the RNTI to decode a group common DCI

format for DMRS port mode indication.

[00167] The UE may also receive configuration information indicating a payload size
of a group common DCI format and a start position (e.g., the start bit) of the
indication for the UE within the group common DCI format from the BS, such that
the UE may know which indication included in the group common DCI format is for

the UE. In some embodiments, the start position is multiples of 2 bits.

[00168] Then, after receiving a group common DCI format scrambled with an RNTI
(e.g., DMRS-RNTI) specific or dedicated for DMRS port mode indication, the UE

may determine an indication for it based on the above configuration information, the
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indication may include a first indication indicating a DMRS port mode (e.g., denoted
as DMRS port mode #1) for DMRS port(s) for a PDSCH transmission and a second
indication indicating a DMRS port mode (e.g., denoted as DMRS port mode #2) for
DMRS port(s) for a PUSCH transmission. The UE may apply DMRS port mode #1
to all the PDSCH transmissions in the active BWP after receiving the first indication.
Alternatively or additionally, the UE may apply DMRS port mode #2 to all the

PUSCH transmissions in the active BWP after receiving the second indication.

[00169] In some embodiments, the UE may apply DMRS port mode #1 to all the
PDSCH transmissions or apply DMRS port mode #2 to all the PUSCH transmissions
in the active BWP after an application time of the group common DCI format. The
application time is a number of time units after the UE receives the group common

DCI format. A time unit may be a slot, a symbol, a sub-slot, 1ms, etc.

[00170] In some embodiments, the number of time units may be configured by a
higher layer (e.g., a layer higher than a physical layer) signalling. In some
embodiments, the number of time units may be not configured for the UE, then the
UE may use a default value (e.g., 0) as the number of time units. In such
embodiments, the UE may apply to DMRS port mode to all the PDSCH transmissions
or all the PUSCH transmissions in the active BWP (e.g., in the active BWP in a
serving cell) in response to (e.g., after or upon) receiving the group common DCI

format.

[00171] Embodiment 2-1-2

[00172] In embodiment 2-1-2, to indicate the DMRS port mode for DMRS port(s) for
PDSCH and DMRS port(s) for PUSCH transmissions separately, the group common
DCI can be scrambled by different dedicated RNTIs (DL-DMRS-RNTI and UL-
DMRS-RNTI) for PDSCH transmission and PUSCH transmission, respectively.

[00173] In such embodiments, the UE may receive a group common DCI format
scrambled with a DL-RNTTI specific for DMRS port mode indication for a PDSCH
transmission or a UL-RNTI specific for DMRS port mode indication for a PUSCH

transmission.
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[00174] In such embodiments, the group common DCI format may also include one
or more indications as in embodiment 2-1-1. The difference is that each indication
may indicate a DMRS port mode for PDSCH transmission in the case that the group
common DCI format is scrambled with the DL-RNTTI or indicate a DMRS port mode
for PUSCH transmission in the case that the group common DCI format scrambled

with the UL-RNTL

[00175] For example, each indication may be 1 bit, wherein the bit equals "0" means
that the DMRS port mode is Rel-15 DMRS port(s) and the bit equals "1" means that
the DMRS port mode is Rel-18 DMRS port(s).

[00176] Before receiving the group common DCI format, the UE may also receive
configuration information indicating a DL-RNTI dedicated for DMRS port mode
indication for PDSCH transmission and a UL-RNTI dedicated for DMRS port mode
indication for PUSCH transmission and configuration information indicating a
payload size of a group common DCI format and a start position (e.g., the start bit) of

the indication for the UE within the group common DCI format from the BS.

[00177] Then, after receiving the group common DCI format scrambled with the
DL-RNTTI or the UL-RNTI, the UE may determine an indication for it based on the

above configuration information.

[00178] In the case that the group common DCI format is scrambled with the
DL-RNTT specific for DMRS port mode indication for a PDSCH transmission, the
UE may apply the DMRS port mode indicated by the indication to all the PDSCH
transmissions in the active BWP after receiving the indication; in the case that group
common DCI format is scrambled with the UL-RNTI specific for DMRS port mode
indication for a PUSCH transmission, the UE may apply the DMRS port mode
indicated by the indication to all the PUSCH transmissions in the active BWP after

receiving the indication.

[00179] In some embodiments, the UE may apply DMRS port mode to all the
PDSCH transmissions or all the PUSCH transmissions in the active BWP after an
application time of the group common DCI format. The definitions of the

application time in embodiment 2-1-1 may apply here.
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[00180] FIG. 4 illustrates an exemplary method for applying a DMRS port mode to a
plurality of PDSCH transmissions according to some other embodiments of the

present disclosure.

[00181] Referring to FIG. 4, it illustrates two UEs (e.g., denoted as UE #1 and UE #2).
It is assumed that PDSCH transmissions #0, #1, #2 are three transmission occasions
of a SPS PDSCH transmission with a periodicity of 4 slots transmitted from a BS to
UE #1, PUSCH transmissions #0, #1, #2 are three transmission occasions of a CG
PUSCH transmission with a periodicity of 4 slots transmitted from UE #1 to the BS,
the BS also schedules a PDSCH transmission #4 to UE #2.

[00182] It is also assumed that a new group common DCI format (e.g., a group
common DCI format scrambled by a dedicated RNTI) is introduced to indicate the
DMRS port mode for multiple UEs.  For example, the payload size of the new group
common DCI format is configured as 8 bits. Accordingly, the new group common
DCI format includes 4 indications each with 2 bits. UE #1 and UE #2 are configured
with the dedicated RNTI and the position for UE #1 and UE #2 is O bit and 4 bits

respectively.

[00183] Assuming that the 1% bit of each indication included in the new group
common DCI format indicates a DMRS port mode for DMRS port(s) for PDSCH
transmission to a UE, the 2" bit indicates a DMRS port mode for DMRS port(s) for
PUSCH transmission. The bit equals "0" means that the indicated DMRS port(s) is
Rel-15 DMRS port(s) and the bit equals "1" means the indicated DMRS port(s) is
Rel-18 DMRS port(s).

[00184] At a time point t1, the new group common DCI format (e.g., denoted as DCI
#0) equals 10000100 and assuming that the application time is 0 symbol after a UE
receive DCI #0. UE #1 may determine that the first two bits "10" are the DMRS
port mode indication for UE #1. Based on the indication, UE #1 may receive
PDSCH transmissions #0, #1, #2 with Rel-18 DMRS ports and transmit PUSCH
transmissions #0, #1, #2 with Rel-15 DMRS ports. UE #2 may determine that the 5t
and 6 bits, i.e.,"01", are the DMRS port mode indication for UE #2. Based on the
indication, UE #2 may receive PDSCH #4 with Rel-15 DMRS ports.
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[00185] Embodiment 2-2

[00186] In embodiment 2-2, the group common DCI format may indicate DMRS port

mode for PDSCH transmission and PUSCH transmission jointly.

[00187] In embodiment 2-2, the definitions for the group common DCI format may
be the same as those in embodiment 2-1-1 except for that each indication included in
the group common DCI format may indicate a DMRS port mode for both a PDSCH
transmission and a PUSCH transmission. For example, each indication in
embodiment 2-2 may include 1 bit ,wherein the bit equals "0" means that the DMRS
port mode for DMRS port(s) for both a PDSCH transmission and a PUSCH
transmission is Rel-15 DMRS port(s) and the bit equals "1" means that the DMRS
port mode for DMRS port(s) for both a PDSCH transmission and a PUSCH
transmission is Rel-18 DMRS port(s)

[00188] Then, after receiving the group common DCI format scrambled with an
RNTI (e.g., DMRS-RNTI) specific or dedicated for DMRS port mode indication, the
UE may determine an indication for it based on the same configuration information as
those in embodiment 2-1-1. The indication may indicate a DMRS port mode for
both a PDSCH transmission and a PUSCH transmission. Then, the UE may apply
the DMRS port mode to all the PDSCH transmissions and all the PUSCH

transmissions in the active BWP after receiving the indication.

[00189] In some embodiments, the UE may apply DMRS port mode to all the
PDSCH transmissions and all the PUSCH transmissions in the active BWP after an
application time of the group common DCI format. The definitions of the

application time in embodiment 2-1-1 may apply here.

[00190] In embodiment 2, all the PDSCH transmissions may include at least one of
dynamic scheduled PDSCH transmission(s) or SPS PDSCH transmission(s) in the
active BWP (e.g., in the active BWP in a serving cell). All the PUSCH
transmissions may include at least one of dynamic scheduled PUSCH transmission(s)
or CG PUSCH transmission(s) in the active BWP (e.g., in the active BWP in a serving
cell).
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[00191] In some scenarios of the present application, the channel quality between a
UE and a BS may not change so fast. The requirements between multiplexing
different UEs for high throughput and the performances of the UEs may not switch
dynamically. In such scenarios, a MAC-CE may be used to indicate the DMRS port
mode for a PDSCH transmission or PUSCH transmission.  The following

embodiment 3 may illustrate how to use a MAC-CE to indicate a DMRS port mode.

[00192] Embodiment 3

[00193] In embodiment 3, a MAC CE may include a field (e.g., denoted as a DMRS
port mode field) to indicate a DMRS port mode for at least one of a PDSCH

transmission or a PUSCH transmission. In such embodiment, the indication

indicating a DMRS port mode may be the DMRS port mode field in the MAC CE.

[0001] In some embodiments, the DMRS port mode field may be a new field added
to a MAC CE.

[00194] In some embodiments, the DMRS port mode field may be a 1-bit field. The
first value (e.g., 0) of the 1-bit field may indicate that the DMRS port mode is the first
mode and a second value (e.g., 1) of the 1-bit field may indicate that the DMRS port

mode is the second mode.

[00195] After receiving the MAC CE, the UE may apply the DMRS port mode to all
the PDSCH transmissions, or all the PUSCH transmissions, or all the PDSCH
transmissions and all the PUSCH transmissions in the active BWP after an application
time of the MAC CE. In some embodiments, the application of the MAC CE may
be a time period after receiving the MAC CE. For example, the application time

may be determined based on the methods as specified in 3GPP standard documents.

[00196] In some embodiments, a MAC CE may include a field to indicate a DMRS
port mode for DMRS port(s) for a PDSCH transmission. Then, the UE may apply
the DMRS port mode to all the PDSCH transmissions in the active BWP after an
application time of the MAC CE.

[00197] Alternatively or additionally, the MAC CE may also include another field to
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indicate a DMRS port mode for DMRS port(s) for a PUSCH transmission. Then, the
UE may apply the DMRS port mode to all the PUSCH transmissions in the active
BWP after an application time of the MAC CE.

[00198] In some other embodiments, a MAC CE may include a field to indicate a
DMRS port mode for both a PDSCH transmission and a PUSCH transmission. Then,
the UE may apply the DMRS port mode to all the PDSCH transmissions and all the
PUSCH transmissions in the active BWP after an application time of the MAC CE.

[00199] In embodiment 3, all the PDSCH transmissions include at least one of
dynamic scheduled PDSCH transmission(s) or SPS PDSCH transmission(s) in the
active BWP (e.g., in the active BWP in a serving cell). All the PUSCH
transmissions in the active BWP include at least one of dynamic scheduled PUSCH
transmission(s) or CG PUSCH transmission(s) in the active BWP (e.g., in the active

BWP in a serving cell).

[00200] FIG. 5 illustrates an exemplary MAC CE for indicating a DMRS port mode

according to some embodiments of the present disclosure.

[00201] Referring to FIG. 5, the size of MAC CE is 8*2= 16 bits, which may include:
reserved fields with 7 bits, which is represented by "R" in FIG. 5, a field with 5 bits
indicating a serving cell ID, a field with 2 bits indicating an BWP ID, field #1 with 1
bit indicating a DMRS port mode for PDSCH transmission(s), and field #2 with 1 bit
indicating a DMRS port mode for PUSCH transmission(s).

[00202] In some scenarios, an RRC signalling may be enough to indicate or update
the DMRS port mode of DMRS ports for PDSCH transmission or PUSCH
transmission. The following embodiment 4 may illustrate how to indicate a DMRS

port mode via an RRC signalling.

[00203] Embodiment 4

[00204] In embodiment 4, an RRC signalling may include a field (e.g., denoted as a
DMRS port mode field) to indicate a DMRS port mode for a PDSCH transmission or
a PUSCH transmission. In such embodiment, the indication indicating a DMRS port
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mode may be indicated by the RRC signalling, e.g., the indication is the DMRS port
mode field in the RRC signalling. In some embodiments, the DMRS port mode field
may be a new field added to an RRC signalling.

[00205] After receiving the RRC signalling, the UE may apply the DMRS port mode
to all the PDSCH transmissions or all the PUSCH transmissions in the active BWP.

[00206] In some embodiments, the RRC signalling may be a DL DMRS
configuration (e.g., DMRS-DownlinkConfig) or a PDSCH configuration (e.g.,
PDSCH-Config). After receiving the RRC signalling, the UE may apply the DMRS
port mode indicated by the field in the RRC signalling to all the PDSCH

transmissions in the active BWP.

[00207] FIG. 6 illustrates an exemplary DL DMRS configuration indicating a DMRS

port mode according to some embodiments of the present disclosure.

[00208] Referring to FIG. 6, the DL DMRS configuration may be represented by
"DMRS-DownlinkConfig." The DMRS-DownlinkConfig may include a field (e.g.,
denoted as dmrs-Port-Mode) indicating a DMRS port mode for PDSCH transmission.
The value of the field may be "R15 DMRS port" or "R18 DMRS port" directly. In
addition to the dmrs-Port-Mode field, other fields may be the same as those included
in DMRS-DownlinkConfig as specified in TS 38.331.

[00209] In some embodiments, the RRC signalling may be a UL DMRS
configuration (e.g., DMRS-UplinkConfig) or a PUSCH configuration (e.g.,
PUSCH-Config or ConfiguredGrantConfig). After receiving the RRC signalling, the
UE may apply the DMRS port mode indicated by the field in the RRC signalling to all
the PUSCH transmissions in the active BWP.

[00210] FIG. 7 illustrates an exemplary PUSCH configuration indicating a DMRS

port mode according to some embodiments of the present disclosure;

[00211] Referring to FIG. 7, the PUSCH configuration may be represented by
"PUSCH-Config." The PUSCH-Config may include a field (e.g., denoted as
dmrs-Port-Mode) indicating a DMRS port mode for PUSCH transmission. The
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value of the field may be "0"or "1," where "0" means the indicated DMRS port(s) for
the PUSCH transmissions is Rel-15 DMRS port(s) and "1" means the indicated
DMRS port(s) for the PUSCH transmissions is Rel-18 DMRS port(s). In addition to
the dmrs-Port-Mode field, other fields may be the same as those included in

PUSCH-Config as specified in TS 38.331.

[00212] In some embodiments, for a type 1 CG PUSCH transmission, the RRC
signalling may be a CG configuration. After receiving the RRC signalling, the UE
may apply the DMRS port mode indicated by the field in the RRC signalling to all the
CG PUSCH transmission which is based on the CG configuration.

[00213] In embodiment 4, all the PDSCH transmissions include at least one of
dynamic scheduled PDSCH transmission(s) or SPS PDSCH transmission(s) in the
active BWP (e.g., in the active BWP in a serving cell). All the PUSCH
transmissions include at least one of dynamic scheduled PUSCH transmission(s) or
CG PUSCH transmission(s) in the active BWP (e.g., in the active BWP in a serving
cell).

[00214] FIG. 8 is a flow chart illustrating an exemplary method 800 for determining
DMRS ports according to some other embodiments of the present disclosure. The

method in FIG. 8 may be implemented by a BS (e.g., BS 102 as shown in FIG. 1).

[00215] In the exemplary method shown in FIG. 8, in step 801, the BS may transmit
at least one DMRS configuration associated with a first mode of DMRS ports and a
second mode of DMRS ports to a UE (e.g., UE 101a or UE 101b as shown in FIG. 1).
All the definitions regarding first mode of DMRS ports, second mode of DMRS ports,
and the at least one DMRS configuration in FIG. 2 may apply here.

[00216] In step 803, the BS may transmit an indication indicating a DMRS port mode
of DMRS port(s) for at least one of a PDSCH transmission or a PUSCH transmission
in an active BWP to the UE. The DMRS port mode may be the first mode or the

second mode.

[00217] In some embodiments of the present application, the BS may determine

DMRS port(s) for PDSCH transmission(s) or PUSCH transmission(s) based on the
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DMRS port mode and the at least one DMRS configuration. The specific operation

will be described in detail below.

[00218] Embodiment 1'

[00219] In embodiment 1', the DMRS port mode of DMRS port(s) may be indicated
by a UE specific DCI format or a CG configuration. Based on the different
indicating methods, embodiment 1' may further include embodiment 1'-1,

embodiment 1'-2, and embodiment 1'-3.

[00220] Embodiment 1'-1

[00221] In embodiments 1'-1, the DMRS port mode may be explicitly indicated by a
field (e.g., denoted as a DMRS port mode field) in a non-fallback DCI format for
scheduling or activating a PDSCH transmission or a PUSCH transmission or in a CG
configuration. In such embodiment, the indication indicating a DMRS port mode
may be the DMRS port mode field in a non-fallback DCI format or in a CG
configuration. The definitions regarding the non-fallback DCI format and the

DMRS port mode field in embodiment 1-1 may apply here.

[00222] In an embodiment, whether the DMRS port mode field is included in a
non-fallback DCI format may be configured by an RRC signalling. For example, if
a UE supports both the first mode of DMRS ports and the second mode of DMRS
ports and support dynamic switching between the first mode of DMRS port and the
second mode of DMRS port, the BS may transmit an RRC signalling indicating that
the DMRS port mode field is included in a non-fallback DCI format to the UE.

[00223] In some cases, the non-fallback DCI format may be a non-fallback DCI
format for scheduling a PDSCH transmission (or a PUSCH transmission) or a
PDSCH retransmission (or a PUSCH retransmission). In some other cases, for a
type 2 CG PUSCH transmission (or a SPS PDSCH transmission), the non-fallback
DCI format may be a non-fallback DCI format for activating the type 2 CG PUSCH
transmission (or activating the SPS PDSCH transmission). In some cases of
embodiment 1'-1, for a type 1 CG PUSCH transmission, the field is included in a CG
configuration to indicate the DMRS port mode for the type 1 CG PUSCH
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transmission.

[00224] In the above cases, for a PDSCH transmission or a PUSCH transmission, the
BS may determine an antenna port table based on the DMRS port mode indicated by
the DMRS port mode field and a DMRS configuration of the at least one DMRS
configuration for the PDSCH transmission (or the PUSCH transmission), wherein the
DMRS configuration may be associated with the DMRS port mode indicated by the
DMRS port mode field. Then, the BS may determine DMRS port(s) for the PDSCH
transmission (or the PUSCH transmission) based on the antenna port table and an

antenna port field included in the non-fallback DCI format.

[00225] In an embodiment of the present application, the first mode of DMRS ports
and the second mode of DMRS ports may be associated with different antenna port
tables. In such embodiments, the methods and definitions for the different antenna

port tables in embodiment 1-1 may apply here.

[00226] In another embodiment of the present application, the first mode of DMRS
ports and the second mode of DMRS ports may share the same antenna port table(s).
In such embodiments, the methods and definitions for the same antenna port tables in

in embodiment 1-1 may apply here.

[00227] In the above embodiments, a bit width of the antenna port field included in
the non-fallback DCI format may be a maximum bit width of a bit width required to
indicate antenna port(s) (i.e., DMRS port(s)) for the first mode of DMRS ports and a
bit width required to indicate antenna port(s) (i.e., DMRS port(s)) for the second
mode of DMRS ports.

[00228] In some cases of embodiment 1'-1, for a PDSCH transmission (or a PUSCH
transmission) scheduled by a fallback DCI format, the DMRS port mode is the first
mode for the PDSCH transmission (or the PUSCH transmission). In such
embodiments, the fallback DCI format does not include a field indicating a DMRS
port mode. For the fallback DCI format scheduling a PDSCH transmission (or a
PUSCH transmission), the BS may determine that a DMRS port mode for DMRS
port(s) for the PDSCH transmission (or a PUSCH transmission) is the first mode (i.e.,
Rel-15 DMRS ports).
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[00229] Embodiment 1'-2

[00230] In embodiment 1'-2, the first mode of DMRS ports and the second mode of
DMRS ports may share the same antenna port tables. The DMRS port mode of
DMRS port(s) may be implicitly in a non-fallback DCI format for a PDSCH
transmission or a PUSCH transmission or in a CG configuration. For example, the
DMRS port mode may be indicated by an antenna port field included in a
non-fallback DCI format or in a CG configuration. In such embodiments, the
indication indicating a DMRS port mode may be an antenna port field included in a
non-fallback DCI format or in a CG configuration. The definitions regarding the

non-fallback DCI format in embodiment 1-2 may apply here.

[00231] In some cases, the non-fallback DCI format may be a non-fallback DCI
format for scheduling a PDSCH transmission (or a PUSCH transmission) or a
PDSCH retransmission (or a PUSCH retransmission). In some other cases, for a
type 2 CG PUSCH transmission (or a SPS PDSCH transmission), the non-fallback
DCI format may be a non-fallback DCI format a non-fallback DCI format for
activating the type 2 CG PUSCH transmission (or a SPS PDSCH transmission). In
some cases of embodiment 1'-2, for a type 1 CG PUSCH transmission, the field is
included in a CG configuration to indicate the DMRS port mode for the type 1 CG
PUSCH transmission.

[00232] In the above cases, for a PDSCH transmission or a PUSCH transmission, the
BS may determine the DMRS port mode for the PDSCH transmission or the PUSCH
transmission based on the antenna port field. The following embodiments provide
several methods for determining the DMRS port mode based on the antenna port

field.

[00233] In an embodiment, based on the DMRS configurations for the first mode of
DMRS ports and the second mode of DMRS ports, the BS may determine an antenna
port table shared by the first mode of DMRS ports and the second mode of DMRS
ports. The antenna port table may include first set of entries associated with the first
mode of DMRS ports and a second set of entries associated with the second mode of
DMRS ports. The antenna port field may indicate an index of an entry in the

antenna port table, wherein the entry may indicate the DMRS port(s) and the DMRS

45



WO 2024/020891 PCT/CN2022/108378

port mode. Then, the BS may determine the DMRS port mode of the DMRS port(s)
based on the entry index of the entry indicated by the antenna port field. For
example, in the case that the entry index indicates that the entry belongs to the first set
of entries, the BS may determine that the DMRS port mode of the DMRS ports in the
entry is the first mode; in the case that the entry index indicates that the entry belongs
to the second set of entries, the BS may determine that the DMRS port mode of the

DMRS ports in the entry is the second mode.

[00234] In another embodiment, the FDM method or comb method may be adopted
to increase the number of DMRS ports. Then, the DMRS port mode may be
implicitly indicated by the column "Number of DMRS CDM group(s) without data"
in a DMRS port table (i.e., antenna port table) since more CDM groups may be

introduced for increasing the number of DMRS ports.

[00235] For example, based on the DMRS configuration for the first mode of DMRS
ports and the second mode of DMRS ports, the BS may determine an antenna port
table shared by the first mode of DMRS ports and the second mode of DMRS ports.
The antenna port field may indicate an index of an entry in the antenna port table.
Then, the BS may determine the DMRS port mode of the DMRS port(s) in the entry
based on the number of DMRS CDM groups without data indicated by the entry.

[00236] For example, in the case that the number of DMRS CDM groups without
data is not larger than 2 for DMRS type 1 or not larger than 3 for DMRS type 2, the
BS may determine that the DMRS port mode of the DMRS port(s) is the first mode;
in the case that the number of DMRS CDM groups without data is larger than 2 for
DMRS type 1 or larger than 3 for DMRS type 2, the BS may determine that the
DMRS port mode of the DMRS port(s) is the second mode.

[00237] In another embodiment, the FD-OCC with length 4 or length 6 may be
adopted to increase the number of DMRS ports.

[00238] In some cases, one column may be added in an antenna port table to indicate
the length of FD-OCC. Then, the BS may determine the DMRS port mode based on
the length of FD-OCC.

46



WO 2024/020891 PCT/CN2022/108378

[00239] For example, based on the DMRS configurations for the first mode of DMRS
ports and the second mode of DMRS ports, the BS may determine an antenna port
table shared by the first mode of DMRS ports and the second mode of DMRS ports.
The antenna port field may indicate an index of an entry in the antenna port table.
Then, the BS may determine the DMRS port mode of the DMRS port(s) in the entry
based on a length of FD-OCC indicated by the entry.

[00240] For example, in the case that the length of FD-OCC is 2, the BS may
determine that the DMRS port mode of the DMRS port(s) in the entry is the first
mode; in the case that the number of DMRS CDM group is larger than 2 (e.g., 4 or 6
if FD-OCC with length 4 or 6 is adopted in Rel-18 to increase the number of DMRS
ports), the BS may determine that the DMRS port mode of the DMRS port(s) in the

entry is the second mode.

[00241] In some other cases, one column may be added in an antenna port table to
indicate the number of DMRS ports within a CDM group. Then, the BS may
determine the DMRS port mode based on the the number of DMRS ports within a
CDM group.

[00242] For example, based on the DMRS configurations for the first mode of DMRS
ports and the second mode of DMRS ports, the BS may determine an antenna port
table shared by the first mode of DMRS ports and the second mode of DMRS ports.
The antenna port field may indicate an index of an entry in the antenna port table.
Then, the BS may determine the DMRS port mode of the DMRS port(s) in the entry
based on the number of DMRS ports within a CDM group indicated by the entry.

[00243] For example, in the case that the number of DMRS ports within a CDM
group is 2 for single-symbol DMRS or 4 for double-symbol DMRS, the BS may
determine that the DMRS port mode of the DMRS port(s) is the first mode; in the
case that the number of DMRS ports within a CDM group is 4 for single-symbol
DMRS or is 8 for double-symbol DMRS, the BS may determine that the DMRS port
mode of the DMRS port(s) is the second mode.

[00244] In some cases of embodiment 1'-2, for a PDSCH transmission (or a PUSCH
transmission) scheduled by a fallback DCI format, the DMRS port mode is the first
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mode for the PDSCH transmission (or the PUSCH transmission). For a PDSCH
transmission, a fallback DCI format may be DCI format 1_0 as specified in 3GPP
standard documents. For a PUSCH transmission, a fallback DCI format may be DCI

format 0_0O as specified in 3GPP standard documents.

[00245] In such cases, the fallback DCI format does not include a field indicating a
DMRS port mode. For the fallback DCI format scheduling a PDSCH transmission
(or a PUSCH transmission), the BS may determine that a DMRS port mode for
DMRS port(s) for the PDSCH transmission (or a PUSCH transmission) is the first
mode (i.e., Rel-15 DMRS ports).

[00246] Embodiment 1'-3

[00247] In embodiment 1'-3, a DMRS port mode may apply to a plurality of PDSCH
transmission or PUSCH transmissions. In such embodiments, the indication
indicating a DMRS port mode may be a field (e.g., denoted as a DMRS port mode
field) in a non-fallback DCI format for scheduling a PDSCH transmission or a
PUSCH transmission. The definitions regarding the non-fallback DCI format and
the DMRS port mode field in embodiment 1-3 may apply here.

[00248] After transmitting the the indication indicating a DMRS port mode, the BS
may apply to DMRS port mode to all the PDSCH transmissions or all the PUSCH
transmissions in the active BWP (e.g., in the active BWP in a serving cell) after an
application time of the indication, which means that the BS may determine that the
DMRS port(s) of all PDSCH transmission or all PUSCH transmission is the first
mode of DMRS ports or the second mode of DMRS ports by the same DMRS port
mode. The application time may be determined based on the following methods.

The definitions of the application time in embodiment 1-3 may apply here.

[00249] For example, for the non-fallback DCI format scheduling the PDSCH
transmission, the application time is a number of time units after the last symbol of a
PUCCH carrying HARQ-ACK information (e.g., ACK or NACK) for the PDSCH
transmission. For the non-fallback DCI format scheduling the PUSCH transmission,
the application time is a number of time units after the last symbol of another DCI

format scheduling another PUSCH transmission with a same HARQ process number
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and having a toggled NDI field value.

[00250] All the methods for applying the DMRS port mode to all the PDSCH
transmissions or all the PUSCH transmissions and determining the DMRS port(s)

based on the DMRS port mode in embodiment 1-3 may apply here.

[00251] Embodiment 2'

[00252] In embodiment 2', the DMRS port mode of DMRS port(s) may be indicated
by a group common DCI format. Based on the different indicating methods,

embodiment 2 may further include embodiment 2'-1 and embodiment 2'-2.

[00253] Embodiment 2'-1

[00254] In embodiment 2'-1, the group common DCI may indicate DMRS port mode
for PDSCH transmission and PUSCH transmission separately.

[00255] Embodiment 2'-1-1

[00256] In embodiment 2'-1-1, the BS may transmit a group common DCI format
scrambled with an RNTI (e.g., DMRS-RNTI) specific or dedicated for DMRS port

mode indication to the UE.

[00257] The group common DCI format may include one or more indications,
wherein each indication of the one or more indications is for a corresponding UE.
Each indication may include an indication indicating a DMRS port mode for PDSCH
transmission for a corresponding UE and another indication indicating a DMRS port
mode for PUSCH transmission for the corresponding UE. In such embodiment, all
the definitions regarding group common DCI format in embodiment 2-1-1 may apply

here.

[00258] Before transmitting the group common DCI format, the BS may transmit
configuration information indicating the RNTI specific or dedicated for DMRS port
mode indication to a UE. The BS may also transmit configuration information
indicating a payload size of a group common DCI format and a start position (e.g., the

start bit) of an indication for the UE within the group common DCI format.
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[00259] The BS may determine an indication for the UE based on the above
configuration information, the indication may include a first indication indicating a
DMRS port mode (e.g., denoted as DMRS port mode #1) for DMRS port(s) for a
PDSCH transmission and a second indication indicating a DMRS port mode (e.g.,
denoted as DMRS port mode #2) DMRS port(s) for a PUSCH transmission. The BS
may apply DMRS port mode #1 to all the PDSCH transmissions in the active BWP
after transmitting the first indication. Alternatively or additionally, the BS may
apply DMRS port mode #2 to all the PUSCH transmissions in the active BWP after

transmitting the second indication.

[00260] In some cases, the BS may apply DMRS port mode #1 to all the PDSCH
transmissions or apply DMRS port mode #2 to all the PUSCH transmissions in the
active BWP after an application time of the group common DCI format. The
application time is a number of time units after the UE receives the group common

DCI format. A time unit may be a slot, a symbol, a sub-slot, 1ms, etc.

[00261] In some cases, the number of time units may be configured by a higher layer
(e.g., a layer higher than a physical layer) signalling. In some embodiments, the
number of time units may be not configured for the UE, the BS may use a default
value (e.g., 0) as the number of time units. In such embodiments, the BS may apply
to DMRS port mode to all the PDSCH transmissions or all the PUSCH transmissions
in the active BWP (e.g., in the active BWP in a serving cell) in response to (e.g., after

or upon) transmitting the group common DCI format.

[00262] Embodiment 2'-1-2

[00263] In embodiment 2'-1-2, to indicate the DMRS port mode for DMRS port(s) for
PDSCH and DMRS port(s) for PUSCH transmissions separately, the group common
DCI can be scrambled by different dedicated RNTIs (DL-DMRS-RNTI and UL-
DMRS-RNTI) for PDSCH transmission and PUSCH transmission, respectively.

[00264] In such embodiment, the BS may transmit a group common DCI format
scrambled with a DL-RNTTI specific for DMRS port mode indication for a PDSCH
transmission or a UL-RNTTI specific for DMRS port mode indication for a PUSCH

transmission.
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[00265] In such embodiment, the group common DCI format may also include one or
more indications as in embodiment 2'-1-1. The difference is that each indication
may indicate a DMRS port mode for PDSCH transmission in the case that the group
common DCI format scrambled with the DL-RNTI or indicate a DMRS port mode for
PUSCH transmission in the case that the group common DCI format scrambled with

the UL-RNTIL.

[00266] Before transmitting the group common DCI format, the BS may also transmit,
to a UE, configuration information indicating a DL-RNTI dedicated for DMRS port
mode indication for PDSCH transmission and a UL-RNTI dedicated for DMRS port
mode indication for PUSCH transmission and configuration information indicating a
payload size of a group common DCI format and a start position (e.g., the start bit) of

an indication for the UE within the group common DCI format.

[00267] The BS may determine an indication for a UE based on the above
configuration information. In the case that the group common DCI format is
scrambled with the DL-RNTI specific for DMRS port mode indication for a PDSCH
transmission, the BS apply the DMRS port mode indicated by the indication to all the
PDSCH transmissions in the active BWP after receiving the indication; in the case
that group common DCI format is scrambled with the UL-RNTTI specific for DMRS
port mode indication for a PUSCH transmission, the UE apply the DMRS port mode
indicated by the indication to all the PUSCH transmissions in the active BWP after

receiving the indication.

[00268] In some cases, the BS may apply DMRS port mode to all the PDSCH
transmissions or all the PUSCH transmissions in the active BWP after an application
time of the group common DCI format. The definitions of the application time in

embodiment 2'-1-1 may apply here.

[00269] Embodiment 2'-2

[00270] In embodiment 2'-2, the group common DCI format may indicate DMRS

port mode for PDSCH transmission and PUSCH transmission jointly.

[00271] In such embodiment, the BS may transmit group common DCI format
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scrambled with an RNTI (e.g., DMRS-RNTI) specific or dedicated for DMRS port
mode indication to a UE. The definitions for the group common DCI format in

embodiment 2-2 may apply here.

[00272] Before transmitting the specific or dedicated for DMRS port mode indication,
the BS may also transmit, to the UE, configuration information indicating the RNTI
specific or dedicated for DMRS port mode indication and configuration information
indicating a payload size of a group common DCI format and a start position (e.g., the

start bit) of an indication for the UE within the group common DCI format.

[00273] The BS may determine an indication in the group common DCI format for a
UE based on the above configuration information. The indication may indicate a
DMRS port mode for both a PDSCH transmission and a PUSCH transmission. The
BS may apply the DMRS port mode to all the PDSCH transmissions and all the

PUSCH transmissions in the active BWP after transmitting the indication.

[00274] In some cases, the BS may apply DMRS port mode to all the PDSCH
transmissions and all the PUSCH transmissions in the active BWP after an application
time of the group common DCI format. The definitions of the application time in

embodiment 2'-1-1 may apply here.

[00275] In the above embodiments, all the PDSCH transmissions may include at least
one of dynamic scheduled PDSCH transmission(s) or SPS PDSCH transmission(s) in
the active BWP (e.g., in the active BWP in a serving cell). All the PUSCH
transmissions in the active BWP may include at least one of dynamic scheduled
PUSCH transmission(s) or CG PUSCH transmission(s) in the active BWP (e.g., in the

active BWP in a serving cell).

[00276] Embodiment 3'

[00277] In embodiment 3', a MAC CE may include a field (e.g., denoted as a DMRS
port mode field) to indicate a DMRS port mode for at least one of a PDSCH
transmission or a PUSCH transmission. In such embodiment, the indication
indicating a DMRS port mode may be the DMRS port mode field in the MAC CE.
The definitions of the DMRS port mode field in embodiment 3 may apply here.
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[00278] After transmitting the MAC CE, the BS may apply the DMRS port mode to
all the PDSCH transmissions, or all the PUSCH transmissions, or all the PDSCH
transmissions and all the PUSCH transmissions in the active BWP after an application
time of the MAC CE. In some embodiments, the application of the MAC CE may
be a time period after transmitting the MAC CE. For example, the application time

may be determined based on the methods as specified in 3GPP standard documents.

[00279] In some embodiments, a MAC CE may include a field to indicate a DMRS
port mode for DMRS port(s) for a PDSCH transmission. Then, the BS may apply
the DMRS port mode to all the PDSCH transmissions in the active BWP after an
application time of the MAC CE.

[00280] Alternatively or additionally, the MAC CE may also include another field to
indicate a DMRS port mode for DMRS port(s) for a PUSCH transmission. Then, the
BS may apply the DMRS port mode to all the PUSCH transmissions in the active
BWP after an application time of the MAC CE.

[00281] In some other embodiments, a MAC CE may include a field to indicate a
DMRS port mode for both a PDSCH transmission and a PUSCH transmission. Then,
the BS may apply the DMRS port mode to all the PDSCH transmissions and all the
PUSCH transmissions in the active BWP after an application time of the MAC CE.

[00282] In the above embodiments, all the PDSCH transmissions include at least one
of dynamic scheduled PDSCH transmission(s) or SPS PDSCH transmission(s) in the
active BWP (e.g., in the active BWP in a serving cell). All the PUSCH
transmissions include at least one of dynamic scheduled PUSCH transmission(s) or
CG PUSCH transmission(s) in the active BWP (e.g., in the active BWP in a serving
cell).

[00283] Embodiment 4'

[00284] In embodiment 4', an RRC signalling may include a field (e.g., denoted as a
DMRS port mode field) to indicate a DMRS port mode for a PDSCH transmission or
a PUSCH transmission. In such embodiment, the indication indicating a DMRS port
mode may be indicated by the RRC signalling, e.g., the indication is the DMRS port
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mode field in the RRC signalling. In some embodiments, the DMRS port mode field
may be a new field added to an RRC signalling.

[00285] The BS may apply the DMRS port mode to all the PDSCH transmissions or
all the PUSCH transmissions in the active BWP.

[00286] In some embodiments, the RRC signalling may be a DL DMRS
configuration (e.g., DMRS-DownlinkConfig) or a PDSCH configuration (e.g.,
PDSCH-Config). The BS may apply the DMRS port mode indicated by the field in
the RRC signalling to all the PDSCH transmissions in the active BWP.

[00287] In some embodiments, the RRC signalling may be a UL DMRS
configuration (e.g., DMRS-UplinkConfig) or a PUSCH configuration (e.g.,
PUSCH-Config). The BS may apply the DMRS port mode indicated by the field in
the RRC signalling to all the PUSCH transmissions in the active BWP.

[00288] In some embodiments, for a type 1 CG PUSCH transmission, the RRC
signalling may be a CG configuration. The BS may apply the DMRS port mode
indicated by the field in the RRC signalling to all the CG PUSCH transmission which

is based on the CG configuration.

[00289] In the above embodiments, all the PDSCH transmissions include at least one
of dynamic scheduled PDSCH transmission(s) or SPS PDSCH transmission(s) in the
active BWP (e.g., in the active BWP in a serving cell). All the PUSCH
transmissions include at least one of dynamic scheduled PUSCH transmission(s) or
CG PUSCH transmission(s) in the active BWP (e.g., in the active BWP in a serving
cell).

[00290] FIG. 9 illustrates a simplified block diagram of an exemplary apparatus 900
for determining DMRS port mode according to some embodiments of the present
disclosure. In some embodiments, the apparatus 900 may be or include at least part
of a UE (e.g., UE 101a or UE 101b in FIG. 1). In some other embodiments, the
apparatus 900 may be or include at least part of a BS (e.g., BS 102 in FIG. 1).

[00291] Referring to FIG. 9, the apparatus 900 may include at least one transmitter
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902, at least one receiver 904, and at least one processor 906. The at least one
transmitter 902 is coupled to the at least one processor 906, and the at least one

receiver 904 is coupled to the at least one processor 906.

[00292] Although in this figure, elements such as the transmitter 902, the receiver 904,
and the processor 906 are illustrated in the singular, the plural is contemplated unless
a limitation to the singular is explicitly stated. In some embodiments of the present
disclosure, the transmitter 902 and the receiver 904 may be combined to one device,
such as a transceiver. In some embodiments of the present disclosure, the apparatus
900 may further include an input device, a memory, and/or other components. The
transmitter 902, the receiver 904, and the processor 906 may be configured to perform
any of the methods described herein (e.g., the method described with respect to FIGS.
2-8).

[00293] According to some embodiments of the present disclosure, the apparatus 900
may be a UE, and the transmitter 902, the receiver 904, and the processor 906 may be
configured to perform operations of the method as described with respect to FIG. 2.
For example, the receiver 904 may be configured to receive at least one DMRS
configuration associated with a first mode of DMRS ports and a second mode of
DMRS ports; and receive an indication indicating a DMRS port mode of DMRS
port(s) for at least one of a PDSCH or a PUSCH transmission in an active BWP,

wherein the DMRS port mode is the first mode or the second mode.

[00294] According to some embodiments of the present disclosure, the apparatus 900
may be a BS, and the transmitter 902, the receiver 904, and the processor 906 may be
configured to perform operations of the method as described with respect to FIG. 8.
For example, the transmitter 902 may be configured to transmit at least one DMRS
configuration associated with a first mode of DMRS ports and a second mode of
DMRS ports; and transmit an indication indicating a DMRS port mode of DMRS
port(s) for at least one of a PDSCH or a PUSCH transmission in an active BWP,

wherein the DMRS port mode is the first mode or the second mode.

[00295] In some embodiments of the present disclosure, the apparatus 900 may
further include at least one non-transitory computer-readable medium. In some

embodiments of the present disclosure, the non-transitory computer-readable medium
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may have stored thereon computer-executable instructions to cause the processor 906
to implement any of the methods as described above. For example, the
computer-executable instructions, when executed, may cause the processor 906 to
interact with the transmitter 902 and/or the receiver 904, so as to perform operations

of the methods, e.g., as described with respect to FIGS. 2-8.

[00296] The method according to embodiments of the present disclosure can also be
implemented on a programmed processor. However, the controllers, flowcharts, and
modules may also be implemented on a general purpose or special purpose computer,
a programmed microprocessor or microcontroller and peripheral integrated circuit
elements, an integrated circuit, a hardware electronic or logic circuit such as a discrete
element circuit, a programmable logic device, or the like. In general, any device on
which resides a finite state machine capable of implementing the flowcharts shown in
the figures may be used to implement the processor functions of this application.
For example, an embodiment of the present disclosure provides an apparatus of
determining DMRS port mode, including a processor and a memory. Computer
programmable instructions for implementing a method of determining DMRS port
mode are stored in the memory, and the processor is configured to perform the
computer programmable instructions to implement the method of determining DMRS
port mode. The method of determining DMRS port mode may be any method as

described in the present disclosure.

[00297] An alternative embodiment preferably implements the methods according to
embodiments of the present disclosure in a non-transitory, computer-readable storage
medium storing computer programmable instructions.  The instructions are
preferably executed by computer-executable components preferably integrated with a
network security system. The non-transitory, computer-readable storage medium
may be stored on any suitable computer readable media such as RAMs, ROMs, flash
memory, EEPROMs, optical storage devices (CD or DVD), hard drives, floppy drives,
or any suitable device. The computer-executable component is preferably a
processor but the instructions may alternatively or additionally be executed by any
suitable dedicated hardware device. For example, an embodiment of the present
disclosure provides a non-transitory, computer-readable storage medium having

computer programmable instructions stored therein. The computer programmable
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instructions are configured to implement a method of determining DMRS port mode

according to any embodiment of the present disclosure.

[00298] While this application has been described with specific embodiments thereof,
it is evident that many alternatives, modifications, and variations may be apparent to
those skilled in the art. For example, various components of the embodiments may
be interchanged, added, or substituted in the other embodiments. Also, all of the
elements of each figure are not necessary for operation of the disclosed embodiments.
For example, one of ordinary skill in the art of the disclosed embodiments would be
enabled to make and use the teachings of the application by simply employing the
elements of the independent claims. Accordingly, embodiments of the application as
set forth herein are intended to be illustrative, not limiting. Various changes may be

made without departing from the spirit and scope of the application.
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What is claimed is:

1. Auser equipment (UE), comprising:
a receiver configured to:
receive at least one demodulation reference signal (DMRS)
configuration associated with a first mode of DMRS ports and a second mode of
DMRS ports;
receive an indication indicating a DMRS port mode of DMRS port(s) for
at least one of a physical downlink shared channel (PDSCH) transmission or a
physical uplink shared channel (PUSCH) transmission in an active bandwidth
part (BWP), wherein the DMRS port mode is the first mode or the second mode;
a processor coupled to the receiver; and

a transmitter coupled to the processor.

2. The UE of Claim 1, wherein the indication is a DMRS port mode field in a
non-fallback DCI format for scheduling or activating the PDSCH transmission or
the PUSCH transmission, and the processor is configured to:

determine an antenna port table based on the DMRS port mode and a
DMRS configuration of the at least one DMRS configuration for the PDSCH
transmission or the PUSCH transmission, wherein the DMRS configuration is
associated with the DMRS port mode of DMRS port(s) indicated by the
indication; and

determine DMRS port(s) for the PDSCH transmission or the PUSCH
transmission based on the antenna port table and an antenna port field included in

the non-fallback DCI format.

3. The UE of Claim 2, wherein a bit width of the antenna port field included in the

non-fallback DCI format is a maximum bit width of a bit width required to

58



WO 2024/020891 PCT/CN2022/108378

indicate antenna port(s) for the first mode of DMRS ports and a bit width required

to indicate antenna port(s) for the second mode of DMRS port.

4. The UE of Claim 1, wherein the indication is a DMRS port mode field in a
configured grant (CG) configuration for the PUSCH transmission in the case that

the PUSCH transmission is a type 1 CG PUSCH transmission.

5. The UE of Claim 1, wherein the indication is an antenna port field in a
non-fallback DCI format for scheduling or activating the PDSCH transmission or
the PUSCH transmission, and the antenna port field indicates an index of an entry,
which indicates the DMRS port(s) and the DMRS port mode, of an antenna port
table shared by the first mode of DMRS ports and the second mode of DMRS

ports.

6. The UE of Claim 5, wherein the processor is further configured to perform at least
one of:
determining the DMRS port mode of the DMRS port(s) based on the
number of DMRS code division multiplexing (CDM) groups without data
indicated by the entry;
determining the DMRS port mode of the DMRS port(s) based on a length
of frequency-domain orthogonal cover code (FD-OCC) indicated by the entry; or
determining the DMRS port mode of the DMRS port(s) based on the

number of DMRS ports within a CDM group indicated by the entry.

7. The UE of Claim 1, wherein the DMRS port mode is the first mode for the

PDSCH transmission or the PUSCH transmission scheduled by a fallback DCI

format.
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8. The UE of Claim 1, wherein the indication is a DMRS port mode field in a
non-fallback DCI format scheduling or activating the PDSCH transmission or the
PUSCH transmission, and the processor is configured to:

apply the DMRS port mode to all the PDSCH transmissions or all the
PUSCH transmissions in the active BWP after an application time of the

indication.

9. The UE of Claim 1, wherein the indication is indicated by a group common DCI
format scrambled with a radio network temporary identity (RNTI) specific for

DMRS port mode indication.

10. The UE of Claim 9, wherein the group common DCI format includes one or more
indications, wherein each indication of the one or more indications is for a
corresponding UE, and the receiver is further configured to receive configuration
information indicating the RNTI and configuration information indicating a
payload size of the group common DCI format and a start position of the

indication for the UE within the group common DCI format.

11. The UE of Claim 10, wherein the indication includes a first indication indicating a
DMRS port mode for a PDSCH transmission and a second indication indicating a
DMRS port mode for a PUSCH transmission, and the processor is further
configured to:

apply the DMRS port mode for a PDSCH transmission to all the PDSCH
transmissions in the active BWP after receiving the first indication; and
apply the DMRS port mode for a PUSCH transmission to all the PUSCH

transmissions in the active BWP after receiving the second indication.

12. The UE of Claim 1, wherein the indication is a DMRS port mode field in a
medium access control (MAC) control element (CE), and the processor is further

configured to:
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apply the DMRS port mode to all the PDSCH transmissions, all the
PUSCH transmission, or all the PDSCH transmissions and all the PUSCH

transmission in the active BWP after an application time of the MAC CE.

13. The UE of any one of Claim 8, 11, and 12,
wherein all the PDSCH transmissions include at least one of dynamic
scheduled PDSCH transmission(s) or semi-persistent scheduling (SPS) PDSCH
transmission(s) in the active BWP; or
wherein all the PUSCH transmissions includes at least one of dynamic
scheduled PUSCH transmission(s) or CG PUSCH transmission(s) in the active

BWP.

14. A base station (BS), comprising:
a transmitter configured to:
transmit at least one demodulation reference signal (DMRS)
configuration associated with a first mode of DMRS ports and a second mode of
DMRS ports;
transmit an indication indicating a DMRS port mode of DMRS port(s)
for at least one of a physical downlink shared channel (PDSCH) transmission or a
physical uplink shared channel (PUSCH) transmission in an active bandwidth
part (BWP), wherein the DMRS port mode is the first mode or the second mode;
a processor coupled to the transmitter; and

a receiver coupled to the processor.

15. A method performed by a user equipment (UE), comprising:
receiving at least one demodulation reference signal (DMRS) configuration
associated with a first mode of DMRS ports and a second mode of DMRS ports;
and
receiving an indication indicating a DMRS port mode of DMRS port(s) for

at least one of a physical downlink shared channel (PDSCH) transmission or a
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physical uplink shared channel (PUSCH) transmission in an active bandwidth

part (BWP), wherein the DMRS port mode is the first mode or the second mode.
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